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APPENDIX G

WARZYN FIELD EQUIPMENT PROCEDURES



APPENDIX G-l

FIELD MEASUREMENTS OF pH



Scope and Application: This method is applicable to surface water,
wastewater and groundwater.

Method: Potentiometric

Reference: ERA 1983, p. 150.1

Sensitivity: 0.01 pH unit

Optimum Range: pH 1.00 to 12.00

Sample Handling: Determine on-site, if possible

Reagents and Apparatus:

1. pH meter

2. Combination pH electrode.

3. Magnetic stirrer and stir bars .

4. Beakers or plastic cups.

5. pH buffer solutions, pH 4.00, 7.00, and 10.00. (Certified buffer solutions)

6. Deionized water in squirt bottle.

Calibration:

1. Place combination electrode in pH 7.00 buffer solution.

2. After allowing several minutes for meter to stabilize, turn
calibration dial until reading of 7.00 is obtained.

3. Rinse electrode with deionized water and place in pH 4.00 or
pH 10.00 buffer solution. Use pH 7.00 and 4.00 for samples with
pH *8, and buffers 7.00 and 10.00 for samples with pH *8.

4. Wait several minutes and then turn slope adjustment dial until
reading of 4.00 or 10.00 is obtained.

5. Rinse electrode with deionized water and place in pH 7.00 buffer.
If meter reading is not 7.00, follow Steps 2-5 again.

Procedure:

1. Calibrate meter using calibration procedure.

2. Pour the sample into clean beaker or plastic cup.
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3. Place stir bar in beaker and put on magnetic stirrer (low speed)
for lab measurement of pH. Swirl cup gently for field measurement
of pH.

4. Check temperature of sample. It should be ;+ 2*C of the buffer
solutions.

5. Rinse electrode with deionized water.

6. immerse electrode in sample. The white KC1 junction on side or
bottom of electrode must be fully immersed in solution. Allow
sufficient time for reading to stabilize. Record pH. Rinse
electrode with deionized water.

7. Recheck calibration with pH 7.00 buffer solution after every
20 samples and at the end of the analytical run.

Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed,
a duplicate is still required. Duplicates should be +_ 0.2 pH units.
Average the results.

2. All glassware is to be soap and water washed, tap rinsed and
deionized water rinsed prior to analyses.

Notes:

1. The pH test is temperature dependent. Therefore, temperatures of
buffers and samples should be within 2"C of each other. For
refrigerated or cool samples, use refrigerated buffers to calibrate
meter.

2. Interferences in pH measurements occur with presence of weak organic
and inorganic salts, and oil and grease. If oil and grease are
visible, note on data sheet. Clean electrode with soap and water,
followed by 10« HC1 and deionized water. Then recalibrate meter
before analysis of next sample.

3. Electrode should be stored in pH 4.00 buffer.

4. Before leaving laboratory for field work:

a. Check batteries. "
b. Do quick calibration at pH 7.00 and 4.00 to check

electrode response and batteries.
c. Obtain fresh pH buffer solutions.
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5. Following field ireasurements:

a. Report any problems with meter or electrode.
b. Clean meter and meter case.
c. Make sure electrode is stored in pH 4.00 buffer.

Michael J, linskens
Laboratory Manager

[ALM-1-26]
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pH MEASUREMENT
CttxlvnMd Instructions)

J STO 1 D STD 2

bull*i»(«g..pH4ind71.

(1>0m,tnl.r.n£,l
I'l ira ""Oi"«»n«l«e"od«

(2) ATC optional.

Conntct tl»ctrod»t to innruin«ra.

,M.0, OR
^ —— J

ID.EI
1Um on and 6tv
Instrument

FOR MORE OeiAILED INSTRUCTIONS ON pH MEASUREMENT. SEE NEXT PAGE.

MEASURING mV AND RELATIVE mV (*11, $12)

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS



pH MEASUREMENT: DETAILED INSTRUCTIONS

METHODS: The pHI 11 11, and 12 can measure pH trom 0 to ISM They wi» perform en*- or two-
port standardization iulomatie»lry, using any buffer BstM below, it any temperature
between -S*C and 100*C

STANDARD pH BUFFERS RECOGNIZED BY THE pH110, 11. AND 13:
1M*00,7JX, 1O01.12.4S,

TWO-POINT STANDARDIZATION METHOD:
"Two-point standardization, me preferred and more accurate method of pH measurement.
Should be used when pH accuracy Of beyond 10.1 pH « required. UM buffers ai close
to Ihe sample pH U poisfcle; on* above, and one betow. (For tumpM, it sampl* pH is
•bout Si u» 700 and 10A1 pH bun»n).

ONE-POINT STANDARDIZATION METHOD:
One-point standardization, a totncwhat faster procedura. • racommcnded onty il (a),
accuracy rt 10.1 pH unit « acctpufile, and (b). Mmpt* pH * wiUim | J pH o( th« o( Ui«
buffer u>ed tor stand ardizaion.

pH MEASUREMENT PROCEDURE:

1. Connect elecuod*(s) to appropriaie Inputfa):
a. Ha ccvnAinetfon efectrodto • uted, connect» to me input ma/Ud "pH".
b. K an eJectrotfe pair it used, connect the Indicating •lecirode to the input marked

-pH" and Uie reference elecvode U the input marWd ~REF~
c For better accuracy. Of when measuring andtor ttandardixing at a temperature of

other than SS'C, connect a Beckman SMH3 Automatic Temperature
Compeniator probe to input marked "ATC".

2. Pmu [JE)J to lum on inoniment, then preu CZD to dear. Display wtt tnow {Clr. AUTO].

1 Rio»e electrode(ij (and ATC it wed) with deionized water. Bta» exceta.

4. tmmene electrode(s) (arxj ATC if used) hi flrH standard. Stir briefly *tth elecinxi** to
remove bubblei from ilectrode surfaces. Preaa ̂ ] Displayed pH value wtH have a
resolution of OO1. II ai resolution is duired. presaQ^).

1 Press QQ. When \<f> \ slops flashing, display win show [pH value locked.
<*>. > «1-

& Rinse electrodes) (and ATC probe if used) with deioniied wanr. Blot eices*. Proceed
to appropriate Dtp, according to desired type of standardization:
•. It ONE-POINT sundaraizalfen • to be used. Instrument is ready tor *ample

measurement; proceed U Step A

b. U TWO-POINT standardization • desired, proceed to Step 7.

7. Immerse electrodefs) (and ATC if used) In second ttanda/d. Slir briefly with slectrods*
to remove bubbles Irom electrode surfaces, Preu fF|. When («•) stops flashing.
display wffl thow [pH value locked. <*>, > tV |Tn|.

K. Rinse electrodeii). (and ATC probe it used) with deionized water. Blot excess.

9- tmmene il*ctrode{i) (and ATC If used] in tample. Stir briefly with electrodes. Preu
fjjT). When (<•>! stops fleshing, display will show [pH value locked. <X> \.
Meuurement is now complete. Repeu Steps 8 and 9. above, (or additional samples.

pH monitoring is desired, preu (*ffl)to turn off Auto Read function.

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS



pH MEASUREMENT: PRINCIPLES AND THEORY

The pHI 10/11/12 pH Meter li isaentlaly i high-impedance voitmeier with i microcomputer tfiat
translates vofuge and temperature data into pH units. At 2S*C. the «eal pH electrode system
develops -59 mV per pH unit increase, w* 7.00 pH . 0 rrrv.

Standardization allows the mettr to compensate lor non-ideal electrode ehirtcianttlce. On*-
point fUndatfizalton comptntttt* tor milKon orfMt: two-point iundarflii«lion comcinitm tor bom
rrulUvott off««i and Hop* dtviaiion. Stt tfi*gnm btiew.

MtaJ and Actual Eltarodt Rasporua Compvtd

Th» pH110.11, wid 13 miy b* lUndinltitd with tny ol flv* tUndinl pH buHm: 1.». «.00. 7.00.
10.01, tnd 12.45. Sundirdization miy bt accompliihtd with my two bufltn. uitd in any erdtr (and at
any ttmp*raturt. H ATC is used). Wh*n(JJ")it prtiitd. lh« inttrumarti lutomatieaJiy ftcogmzt* tn» bufttr

The r»l«kMithip bttw«in pH and il*cvodi v«<tag« cnangM with tampcraturt. For prteiM pH
mtaiurtmantt or ttmptratum not doat 10 2S*C, a Backman 59BUS ATC (Automatic 1«mp*raturt
CompvnMtor) prob* should ba utad. With tnia proba. tha inxruman) automaticaty companiattl tor tha
Umparatun chaiaciaristics at lha bufl»f, permitting a lampta to ba measured a any lamparalurt. tvtn
M diflaranl from th« butfar umparaiura*. WiW ATC, tha imirumtnt miaiurts and Supdyi t*mp«ruurts
tram -S'C 10100'C.

II an ATC proba it not uiad, tha ratruinant dalaultt and displayi JS'C

Tha pH calculation li baatd on th« Ntmil •quatlon:

nF

f is tht Mal potantial. In millivolts, developed banveen tha tensing «nd raraitnca alacrotfas: E0 variei
with tha ehofca ol tleclrodat. temperature, and pressure; 23ff!7nf it the Ntmn lacor (fl and F are
consianta. ft is the charge on the bn. tndudino, lign, T a the temperature in degree* Kelvin), and a, ia
the activity ol the ion to which the electrode ia ft*ponding.

For further inform*ion on principles and theory ol pH measurement, refer to The Bcckr
ol Applied ElectrocMmistry (Beckman Bulletin 7739).

n Handbook

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS
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FOR ACCURATE mV MEASUREMENTS WITH THE +11 OR +12, THE
FOLLOWING ITEMS ARE RECOMMENDED:

pH indicating *i«c7od«. Fuiun il.
Fulur* II c«W« wnn 6NC coruitc-.or.
NOTE: 11 eomblnctlon pH «t*creC* • u**d.

omrt Mown* ri(«r«f<c» •l«crtxj«
Ottm 2. b«kM).

Metallic tl#crod« with 2 mm p,n conn«c:o< *
pln-to-BNC Ktipior.

10rvS*l*etlv« t!*er«i with BNC connecof
(or U.S. flindtrd ccnrtKtor * U S Mntlird-
k>BNC idtptor).

2.
Refennce elect/oCt. Futun II.
C4ble with 2 mm p.rt «mn*cux. Futura II.
NOTE: Omltrefeftncttlecuodeilcomblniilon

pH •Iftctrode « uMd.

0 Standanj tduilonfi) ippropnat* u
application.

4. .

rv
5. g n

6. ^

7' 0

"H 100-250 mL, tor coruining
>olution(*).

—^

ccnta>ner(i).

P~f3 Squirt bottle at MaJ«r conaining d*ioniitd or
j J Jo l distilltd wattt kx rinting tlKtrotfM.

<
'Oi CtMA tow«l>, TOnTwipej1"*"
•̂ J electrodes.

The aample 10 be meaaurw

~'

For p*rt numb«n. it* "ElMrodti. Buffers, wj
For mV mtuurtmant procMuns, »•« not p*g«.

MEASURING mV AND RELATIVE mV (*11,

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS



mV MEASUREMENT: CONDENSED INSTRUCTIONS

©

STANDARD

Mution.

©
——1 SAMPLE

Prepare »mpl«.

©

REF pH ATC
^~—————-W—^

Connect •Itctroc'e* 10 instrument

@nHOH.O,

(H.El
II. mV MEASUREMENT, ABSOLUTE. FOR RELATIVE mV MEASUREMENT,

SEE 111, BELOW.

Rim* *ltctfix)t(i).
Blot»»» H,Q

®

For RELATIVE mV Measurement,
Proceed with following steps:

III. mV MEASUREMENT, RELATIVE

STANDARD

ImmarM t^ctrod** in
iuixj*rt wktikxi to tM
uiwl 10 Wtabfah zero
mV point Slir bri«ny.

0

ImmtrM tltctrodM in
umplc Stir briefly.

© IQJ

f7\
x-/
7\ After «> ttopt

n«hir»g, dUptay
wi» n»d 000.0 mV.

RELrrtV

® Mtt <X> ttopi

NOTE
INSTRUMENT WILL REMAIN IN RELATIVE mV MOOC UNTIL

EITHER(TJ.®, OB Q3is PRESSED.

FOR MORE DETAILED INSTRUCTIONS ON mV MEASUREMENT, PROCEED TO NEXT PAGE.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
4Nn TROUBLESHOOTING



mV MEASUREMENT: DETAILED INSTRUCTIONS

mV MEASUREMENT TYPICAL USES

Some geea of the mV mode are monitoring chemical reactions, quantifying lona, and determining
the oxtdtzlne-fetfuclng potential (ORP) of a glvtn sample. Because such measurements ire usually
not specific tor a particular ion or toeces. reidinoa mutt bt interpreted eararutty to oouin meaningful
mutts. The user should have in undemanding of (he reaction that it occurring, oris oesired. and of
any umpt* components that could po»nu«rrf interfere. For more detailed Jntornwion. re«er U the Beckman
Handboc* of Appfied Electrocherrwry (Seekman Bulletin 7739).

The rrrV mod* may also b« uwd with (on-MlKttv* •l«ctrod*a. The r*latrv« rrrV mod* can b« ui*d
In tn« standard addition o* ftandard >ubtndlon method of ion inaryvla.

STAHOAflO SOLUTIOH(S)

Malta up appropriatfl itandard Mlutlon(a) !o pimld* known vortag«(». ctapvndlng on th« nttrtnci
elactrod* ut«d and tha tampariturm. Fot nample, common ctandardi uitd in rvdox maaiummenu
ara pH 4 «nd pH 7 outltn Mluraiad with quinnydrona.

mV MEASUREMENT PROCEDURE

1. Connect •ivcuodei» appropriata tnputt-.
a. Connect Indkaiing etectreda D input marked "pH". A Pin-to-8NC Adaptor may bt required u

tnott meuilc electrode* Kava a pin connector.
b. Connect ralannc* •lecrode to input marked "HEF".

3- Pre*« CgT] to turn on inatrumint, tntn priu [ *_) 10 titar. Display wHt shew [ Clt, AUTO ).
1 R)ns« electrodes with Oaioniitd vratir. Blot excess.
4. Immtfxa alectroCe* in desired solution. Press fV). Displayed value is teioAste mV, as indkaiid

by display of [ "J t When 1 <«> 1 Hops flashing, Oisplay will show [ mV reacing locked. <1> (.

mv MEASUREMENT PROCEDURE
V Perform Slaps 1 through 3 Of mV MEASUREMENT PROCEDURE, abov*.

2. Immenialectredei in ttandard solution to be used to tstabnah the zero mV point Preaa ("S~),
Ihen [?J. Whan [ <r> 1 stops (lashing, display wit re*d 10000 mV ]. Nae that, in mV moee;
pressing P^QcausM the inwrument to establish the zero mV point at the value of the currant
reading. H desired, this step may be repealed at any time to re-establish the zaro mV point.

1 Rktse elecuodea with deionized wttec Blot uceas.

4. Immerse eleorodes in sample. Press (V}. Displayed value, Is rvfatrve mV. as Indicated by display
of | P£LfU j. When [<x> 1 ttops flashing; display wil show [sample relative mV value locked,
<«> J. Absolute mV reading of thi standard solution is avkvneticafly subtracled (rom the absoluli

mV reading of trie sample, resulting in a relative mV reading tor the sample.

& R conOnuoui readout of relative mV te desired, press Q«s rum or! Auto Read function.

VOLTAGE DIFFERENCE BETWEEN STANDARD
SOLUTION AND SAMPLE MUST NOT EXCEED 1000 mV.
MAXIMUM DISPLAY RANGE IN mV MODE IS ±W«.» rrrV.

NOTE

IN mV MODE, THE Sim J AUTOMATIC TEMPERATURE
COMPENSATOR PROBE MAY BE USED FOR
TEMPERATURE MEASUREMENT AND DfSPUY, BUT
DOES NOT HAVE ANY TEMPeAATURE-COUPfM&triNG
EFFECT.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



FOR ACCURATE CONCENTRATION MEASUREMENTS WITH THE +12,
THE FOLLOWING ITEMS ARE RECOMMENDED:

1. =

(__

2. <3=

o.

-* lon-Scltctlvt tlttvaei win 8NC connector

^• t̂fSC

^^^^^^ •̂"•"̂ i Ion-S*!*ct!vt tlecvxt win U S. jundard

R*fir*nca tlvctroC*. Futura II.

T-_— =^S^3M £J*~^V Fulura II cable wnn 2 mm pm connector.
f " NOTE: Depending on tn« applicition, a salt-
>*=^ b/iflg* or (obSlf-tunC:on tkKlrofit may

IWo ttandard $olulicn» o( appropriate
^_ -. cone»ntf«tion, HitCM from tftf toltowing
'*T> r^* t̂ wuutt: 1̂ 0, 2ia s.oa 1000. zs.a so.o. 1000,
,IB ' 1 m ' 2SO.O, SOO, and 1000 urnu. Conctntration can
i I ! i b* txprmtd in any (»jir*ii uniti tueh aa

. _ J L_J ppm, mM. mg/L. •"« oWgil.
Mali* up lt>tifl telu'jcni p«r procitiurt or by
diluting a Stock Wlulicn to tu'n your r*quirtm(nt.

NOTE
CONCENTRATION UNITS FOR BOTH STANDARD
SOLUTIONS MUST BE THE SAME AS DESIRED FOR
SAMPLE READINGS.

* 8 9
i £-@

*rWo Cl«an twakan or ccuivaltnt container*,
•pproximatary 100-If 0 mL, tor containing th»
two standard uluttoni.

Squirt bottla or b«t«»f containing tJ«iorni*d or
distilltd waitr tor nruing «l«CrM«.

/£^> Cl«an towrtli. "KiiDwip**"1"". tie., tor blotting

f —— 1 SAMPLE ———————

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



FOR TWO-STANDARD OPERATION

FOR MORE D£1ML£0 INSTRUCTIONS ON CONCENTRATION MEASUREMENT. PROCEED TO

NEXT PACE.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES
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CONCENTRATION

The tollowmcj procedure. utilizing two-port wandartinalwn. c
tons m almost any desirva units.

STANDARD SOLUTIONS:

i be used to rrtaiwre

Standards can be made from arry type ol solution, wHh concentrations selected from the
following vtlutl: 140, 1 JO, 9.00. 10.00, JS.O, 50.0, 100.0, 230.0, 900, ind 1000 unlu.

Units ol concentration <"»¥ be any that lh« user finds convenient CONCENTRATION UNITS FOR
BOTH STANDARD SOLUTIONS MUST U THE SAME AS DESIRED FOR SAMPLE READINGS.

Some example* of unit* are: parta per million, percent. moles per littr, para par billion.
U per Her, and ounces pM gallon.

Select two standard vilut* aa Clou •* poealbla to the tndctpited Mm pit vtlut, pnfartbly
with on* standard wlu* balow and on« lUndtrd vaiua abow tn« tampla. For •xanpto, i umpl* iduticn
to about 150 millimolai par Irtar (mM), maka uo lUndarda Ol 100 mM and 250 mM. II umpto
concantritnn vanM *id»ry, tor •xarnpia, batwa«n 10 molal and 75 motaj. mtitt up ita/td*rdi ol
10 moUJ and 100 moial.

Stand4rdi and lamplai ihoutd tt* at tna iam« tampartfur* to avoid tamparaiura^aMntiani
varialiona in raadlngt.

Standard and lampla solution* may raquira ionic Mrtng
afljunmant or inurfarlng ion ramoval. Consutt al
Inatruciion* for ditaia.

CONCENTRATION MEASUREMENT PROCEDURE:

1. Connact altcirMat to appropriata inputs:
a. Connect ton-i»ltciiv» tlaetroea to input mtrtad "tSE".
b. Connact rvtaranca •Itcvod* »input marked "REF".

II. in addition to ^a ion-iitaaiv* tlaaroda. a combination
pH alactrotfe * connactvd to tha instrument AND a to ba
Immened in tht urne solution, DO NOT usa a saparate
raferenca tlacroda.

2. P(«sa [ĵ Jlo turn on inttrumant, Wen prett (T"]ia dear. Display win show [ Clr, AUTO ].

1 Rinse alectrodaa with dakxiiitd water. Blot exceu.

4. Immerse electrodes in Drst standard solution. Prasa [»j . than press
to* Uie cwKantrabon value ol tna first standard to show on in* display.
V>e display staps through the to»ow>ng vaJwei: 1-00. 2S& 5.00, 10, ZS, M,

any times as neetiad
• pressed rapawecty.

500. *nd 1000. . , , . .
concentration unto. For example, if the concentration o( tht standard i* 100 units, prtss f?3»*
bmes and tha display will snow 1 100 ]. When [ <f> \ stops flashing, display wll show [ 10CT!5ck»

5. Rin
.

electrodes with daionized water. Blot excess.

& Immerse electrodes in second standard solution. Tha first and second standards must be dirftftni,
but eanba measured inany ortier. Press Q^u many times as needed !oi the display to sfto* the
concentration value of the second standard, e.g.. 250. When [ <X> \ stops flashing, display will ific-*
1 250 locked. <•> . k> fa

1. Rinse electrodes with daionixed water. Blot etceu.

1 Immerse electrodes in sample. Press [g*). When (CD ] stops flashing, display will snow [ sample
value locked. <•> ]. Maasurament is now complete. Repeat Steps 7 and B. above, tor additional
samples.

ft, H conrinuoui concentration readout is dasired, press ty»] B turn of Auto Read function,

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

R4TTFRY REPLACEMENT, SERVICE



ELECTRODE CONNECTIONS

CONCENTRATION REFERENCE
ELECTROOe.

CONNECTOR.
DO NOT USE IF
COMBINATION
ELECTRODE IS
ALSO USED.

ElECTROOS. SENSOR.
8NC-TYPE FVN5M11S
CONNECTOR

DISPLAY FEATURES AND STATUS INDICATORS
DISPLAY
Uwi The large digris show the toBowing:
D>i0*r 1. Readout of the measured variable: pH, mV, or concentration.

2. [Clr] is displayed. Indicating that Instrument is cleared, when Q î* pressed.
1 Error message:

|Er| indicates an excessive, potentially damaging, input voltage, typically caused by
Static electricHy when Ihe electrode pair is not in solution. In this case, immerse
electrodes in sotubon. press £T"). and proceed with measurement. If |Er| agam
appears, check connections and electrodes tor possible open circuit.

&^*UThe smaJI digits display temperature in *C WM read 25'C rl ATC not plugged In.

AUTO AUTO HEAD ON/OFF Indicator tor AUTO READ ON/OFF Key. described subsequently
AUTO READ Status Indicator (eye symbol). Functions during standsrflizalion and when

<X> Instrument • in AUTO mode. During irsndarrfiaribrt. the eye symbol sura Hashing
when ffflis pressed, and locks on when the reading has stabilized. During sampJe measure-
ment in AUTO mode, the eye symbol Starts lashing when a mode key i* pressed, and locks on
when the reading has stabilized. The reading remains locked until a mode key is pressed If an
Interval of approximately 30 minutes elapses without a key being pressed, the instrument turns
off automatically to consent me batteries, but retains an standardization data in memory.

STATUS INDICATORS
T Indicates that ATC is plugged in. The instrument measures and displays temperature within the
JOE range of -5*C and tOO'C. Display of (Er| indicates that the temperature sensed is outside the

measuremert range, or the ATC is nonfunctional.
/J?\ Indicates that ATC i» nor plu;ged in. The temperature reading CerauRs to 2S*C

NILnW
A
COMG

+H and *12 only

Indicates that instrument is in pH mode.

Indicates that instrument is in mV mode.

Indicates that instrument is in relative mV mi

Indicates that instrument is in concentration mode. +12 only.
Indicates that one standard has been used to standardize lor the selected measurement mode
(pH orCONC).
Indicates that two standards have been uied to standardize tor the ieleced measurement mode
(pH or CONC).

Indicates a questionable electrode anchor standardization.

Indicates thai batteries should be replaced.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



KEYPAD

\
STANDARDIZE ClEA*

©
mV

pH

.1
.01

STD
V.

AUTO
<I>

c
CONC

/ / \ \
MILLIVOLTS RESOLUTION
(411, *12. only) (pHonly)

AUTO READ CONCENTRATION
ON/OFF («i2onty)

KEYPAD FUNCTIONS

Instrument ON/OFF K«y. Whtn OFF. th* instrument retains lh* standardisation data in memory.
Instrument shuts of automaifcalry aH*f 30 minute* of inactivity if AUTO READ * ON. (SM below.)

Clew Key. Clears instrument, resetting all standardizatio
iiutrument to AUTO Mode.

. d»ta lo Ctfault valu*j. and r<turn,ng

Auto Rttd Kay. Turns Auto R*)d Function ON ind OFF:
1. Whtn Auto Riad i> ON:

t. Tht word [AUK)| app*ar> on th* OiipUy
b. Tht in*r\jm*nt l»w iht tltclrodt signal for itaDility During ih.j tnt. [ <X> ]

flashts ON and OFF. Whtn th* lignal has mtt Iht liability itquiremtnt (i»t
SPECIFICATIONS). [<X> ] r*maint on continuouiry. «rul th« digital d«pi*y tock*
onto th* reading. No hjrthtf m*a$ur*mtnt> art miit until a k*y is prtsstd.

C, An*r 30 muiuMs wrthout ktypad input, th* inslmmtnt tuma on automatically but
rtiaint an standardization data.

2. Wh*n Auio Riad i« OFF:
a. [AUTOJ disacptin from display.
b. Th* instrument continuouily m*aium and display* in lh* stltdtd moc't; pH.

mV. or CONC
C After t to 2 hours without keypad input, tht inttrumtni!"'"» °n automatically but

rtiams aji standarCtation data.

pH Resolution Stltctlon K*y. Changts r*so<uiion ot th* displaytd pH reading from 00
pH unit, of vtc* v«rsa. At lh* k*«r rtsolution (O.i). \m» i*qui'*d 'or th* Auio Rtad lo lock is
Ihorur. (SM SPECIFICATIONS).

0.1

StltcU the rrtV mod* (pHI 11, pHl 12), tor measurement of either absolute or relative
millrvolU. SM MEASURING mV AND RELATIVE fnV

Stlecta the concentration measurement mode (pMl 12). Us«d witn iptcifie ion •l«ctrod«i

StandardUe XtY-SUAdardues instrument. Dependi upon mod*.
a. pH Mod*: [STO] Key causes tte instrument to automatically identity th* pH valu* of th*

buher from any one ol lh* Mowing: 1.M. *jOQ 7.00. 10-01. and 12.44
b- mV Mode (pHl 11. pHl 12): I5™] Key cauus the instrument to establish ihe i*n>m.ll«jH

level al th* value of the current raiding. Instrument is now in Relative rmf mod*.
c. CONC Mod* (pHl 12): fl*p*a»d preuing of tfTD) Key eiuies the instrument lo itep

mraugh the following sequence of values: 1.0072.50.100.10. 25. 50,100. 250, SCO. and
WOO concentration unrts.



1. FUTURA II ELECTRODES
COMBINATION ELECTRODES:

Glass Body AgMgCi, Refinaob
Glass Body CakxneJ. ReMaMe
Epoxy Body Calomel, R* finable
Epo*y Body AgjfcgCI. Rentable
Epory Body AgftgCi, Gel Fined
Epozy Body. Star AgtAoCI Ri finable
Glass Body. Star AgJAcCI RafUable
Flu Bulb, Epoxy Body

ELECTRODE PAIRS:

pH INDICATING ELECTRODES:
0-14 pH. Spherical Bulb 39314
0-11 pH, Dome Bulb (Durable) 3931«

REFERENCE ELECTRODES:
C«tome4 HaH Cel. Quartz Fiber Junction
Calomel HaH Cei, Ceramic Frit Junction
AgMgCt HaH Cell, Guam Fiber Junction
Calomel HaH Cel, Sleeve Double Junction
Calomel Halt Cefl. Inverted Sleeve Junction
AgJAgCI Halt Cat, Inverted Sleeve Junction

2. FUTURA II KEEPER CABLES
COMBINATION AND INDICATING

ELECTRODE CABLES
1m. BNC Connector 597578
2m, BNC Connector 597579
6m, BNC Connector 597580

Standard PrcOe Test-lube
*' x \f2- 8-irj- x i/i* a-i- „ s-emm

3»520 39521 39522
39527 39528 39S2S. 39525 f7')
39638 — 39639
39831 39833 39633
39838 39832 39634
39637
39524
39523

METALLIC ELECTRODES:
Sirver Billet 39261
Platinum Inlay 39273

39416
39417
39418
39419
39420
39421

REFERENCE ELECTRODE
KEEPER CABLES

1m. 2mm Pin Connector 598982
2m, 2mm Pin Connector 598983
Cm, 2mm Pin Connector 598984

•^•-•j'-'fv'v'1:.'".:'-.iv-v.; '.'*y.' ."j
i':- v^;''';/.', '/•• ,n"-:"--. '••f'-'/'i

• *;.'-:t.i:.'̂  *;"-••." .'•"•'.'•j^'-R'

3. SALT BRIDGE: 563853

4. SUBMERSIBLE COMBINATION pH ELECTRODE WITH ATC: 39530

5. AUTOMATIC TEMPERATURE COMPENSATOR, 598115:
Ptrnirt* Umpcratura mca>unm«nt and display, and tamptntur*
compensation ot pH and lon-ubctrv* •(•ctrodn, within rang* ol -J*C to
WO'C Epocy body. For UM wfth tiandanl 5-Inch (13-cm) aiectrodva.
IncfudM 39* (i RMtar) ctW« with miniatun phon« jack.

6. ELECTRODE ADAPTORS:

Adapu Qlau Eltctrodi (GE) 6NC terminal c
pH] Siri« pH Mtian 10 accommoOit*
•iKtrodtt with U.S Standard Conntcion.

S92362 Standard to
BNC Adaptor

593367 PIN to BNC Adaptor

7. BUFFERS

pH 4 Buffer (red)
pH 7 Buffer (green)
pft 10 Buffer (blue)
pH 12.45

Adapts Glait Electrode (GE) BNC terminal on
pHI Series pH Meters to accommodai*
electrodes with PIN Connectors.
Typically uwd to connect metallic tlectrodt s.

1 Pack Powder
of Pints 1 Canon 5 G.lloni {Colorless)
582517 £66001 5B2B22 3005
582521 566003 582623 3007
S82S2S 56GOOS £32824 3019

3010

8. FILLING SOLUTIONS
Quir-0*»cdptlon

Combination Electrode Riling Solution or Ag/AoCI Reference
Electrode Fining Solution (*M KCUAgCI laiuraied: to be used
with AgMgCI internals)
Reference Electroda Fdling Solution (saturated KCI to be used 4.pack of 100 mL
with Calomel internals) bottlei
Electrode Soaking Solution t-pack oMOOmL 566576

beetles
4-pack of 100 mL 566469

4-pick ol 100 mL S989O

Salt Bridge Solution. Contains Sodium Nitrate and Sodium
Aceiaie
Filling Solution, 1M. KCI Saturated with AgCI
(Star-Series electrodes only)

9. pHI START-UP KIT: Psn NO.
39831 Electrode. Cable. Tharmocompensator, Sample
Buffers, Fining solution 123135

10. pHI STAND LAB ORGANIZER 123134

11. pHI DELUXE FIELD CASE 123128

12. pHI SOFT CASE 123127

13. pHI MOUNT, WALL/SHELF BRACKET 599190

FOR PRICE AND DELIVERY INFORMATION, CALL 1-600.7«2-2J*5.



Ibur +ltt 11, or 12 is powered by two 16 volt lithium twieoev Expected iarery life is over 1,000 *oui
of continuous operation. Replacement Outenes can be obtamM by orttnng P»n Ho. 9457S4 from your
local Beckman office. [In U S. call 1400-742.2345). ____

Acceptable replacement baneriei us also available on a world-wide basis:

Mfr part No.
E'ectrechem Industrie* 3B940-TC
Powe* Conversion Inc. TO8-41
Saft Advanced Banary ON. LS6
Tadlrwi TL-?100 AA^

Local lupplian may be found in your telephone directory.

Noti that lh«*t ban*d«i art 16 *ofl lithium
alkaline or carbon-zinc cMls.

s. Do not anampt to rapi*ci th«m w<m 15 volt

,tes low banery voltage \ ^3 / or if disi

1. R«mov« 2 Philflpa Kr«ws and bottom cov«f from irvtrumanl.
2. Lift out old ban«ri»».
1 Nou (+) and (-) naming* in binary compartment
4. Check (+) and (-) mitkituji on banana* and inaart u snown:

& R*piac* back cov«r and t

IMPORTANT. A "BREAX-tN" PERIOD OF UP TO 30 MINUTES IS REQUIRED WHEN
SOME NEW UTHIUM BATTERIES ARE FIRST PLACED INTO SERVICE. DURING THIS
PERIOD, THE LOW BATTERY SYMBOL AND SOME "GHOSTING" MAY APPEAR ON
THE DlSPUtt. IF SO. LEAVE INSTRUMENT ON FOR 20-30 MINUTES AND THEN
PRESS Cn - THE LOW BATTERY SYMBOL AND -GHOSTING" SHOULD DISAPPEAR,

TROUBLESHOOTING PROCEDURE

^. OiKonnact tlactroda ctbM*) from instrument. Prra LSLllQ turn on initrumtnt. th*n pr«ji(j3
cl*ar. Display irtould tnow [Clr, AUTOI- It not. raplaca baMri«t per BATTERY REPLACEMENT,
atov*. If inurumwil i* it ill inop»raliv«. cm S»rvk» Hoi Urw: 1-BOO-66Z-e!i7.

'Paper Clip

al pH 7/JO,1 Pti«[V). ft" CD- ™ 4L*Pl*y >hould

a. II in«irum«nt pastas t*sl. Op U Step 4.
b. If instrument fail lest, cafl Service Hot Line: 1-BOO-M24217.

4. Reconnect pH electrode cable to "pH" Input connector. Short

Paper Clip

Praia Qand lhan QQ. Diaplty shoukt lock at pH 7JJQ. Press Q. Wen ftmove piper dip.
Reading tnoutd drift.
a. II Instrumem paaset test, go to Slep S.
b. II instrument fails lett, caB Beckman ElKtrachemrstry Application*;

VM0454-H6T Outside CaHhxnia
7U471-4a4 w»nin California

& Reconnect pH e(ectrode(i). bnrntne electrode<i) In pH 4 bulfar and pertxm one-ptxnt
standardization. Then imment alectrode(i} in pH 10 butter and laM pH reading. Ai 15 *C, the
reading should be between 9.7 and 10.t pH.
a. W the IM« '« paued. the pH meter, cable, and el*cirode(l) are functioning property,
b. H test is tailed, the pH *«ctroee4i) mufl be rejuvenated or replaced. The tie«roCe tejuvtnano
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INSTRUMENT
BECKMAN
PART NO.

pH MEASUREMENT

Rang*

Resolution
(Seiectabi*)

Relatrve Accuracy

Auto Riid Mode

pHl 10

0 n 1559 pH

om.ai
pH unit

1 041 pH

pHIII

123133

0 to ISM pH

001. 0.1
pHunrt

1 0.01 pH

PHI 13

111134

0 to 1SJ9 pH

001, 01 pH umt

f 0.01 pH

0.1 pH Resolution: Display locks alter reading is itable wthin 1.0 mV
lor 4 seconds.

001 pH Resolution: Diaplay locks after reading it itatte wrthin 0-S mV
torSseconda.

Button Recognized by Instrument: 1H. 4 00. 7.00, WJ». 12.43 pH.

MILLIVOLT
MEASUREMENT

Rang*

Resolution

^curacy

Auto Read Mod*

CONCENTRATION
MEASUREMENT

nW Accuracy

Auto Read Mod*

Useabl* Standard
VaJuM

-

-

-

-

-994310 + 9999mV

01 mV

reading, relative mV

-999J to + 999J mV

01 mV

reading, relative mV

Display locks after reading >s slab* *iirun 0-5 mV
tor S seconds.

- 101 mV

Display locks after
reading is stable
within 025 mV tor
8i*conds.

Too values, in any

from the following:
1A 2i SO, ia 21
50, 10O 250, 500,

TEMPERATURE MEASUREMENT (ALL MODELS)
Rang*: -3>C to 100*C
Resolution: tt1 *C
Accuracy (wiUi Beckman 5M115 Probe): ±0-S*C

MISCELLANEOUS (ALL MODELS)
Input Connections:

1. BNC input tor pH. mV. and concentraiion.
2. 2-mm pin connecor to* m'.»itfic» electrode.
1 Miniature phone jtck tor Bvckman S96US Automatic Temperature Comper

Operaiing Temperaiure: tS'C to *0*C, embient. non-condeniing.
Power Source: IWo lithium cefla. 16 votts each, AA Six*.

Error Indications:
1. Input overvoriage (in modes)
2. T*mp*ratur* compenaaiion non-lunctional
1 Low banerie*
4. Questionable •i

Size: 42 inches x 38 inches * 1J inches.



APPENDIX G-2

FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE AND TEMPERATURE



(Paae 1 of 2)

FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE
AND TEMPERATURE

Method: Spec i f i c Conductance, umhos 9 25'C

Reference: EPA 1979, Page 120.1, Standard Methods, 15th edition, pp 70-73

Detection limit: 1 umho/cm 9 25'C

Optimum Range: 0.1 - 100,000 umhos/cm

Sample Handling: Determine on-site or within 24 hours

Reagents and Apparatus:

1. Conductivity meter (YSI) and electrodes.

2. Oeionized water in squirt bottle.

3. Standard potassium chloride solution, 0.0100 N.

Procedure:

YSI Conductivity Meter

1. With mode switch at off position, check meter zero. If not zeroed,
use meter screw and adjust to zero.

2. Plug probe into jack on side of meter.

3. Turn mode switch to red line, and turn red line knob until needle
aligns with red line on dial. Change batteries if cannot be aligned.

4. Totally immerse probe in sample. Do not allow the probe to touch
the sample container.

5. Turn mode switch to appropriate conductivity scale, X100, X10, or XI.
Use a scale that will give a mid-range output on the meter.

6. Wait for needle to stabilize (about 15 sec.) and record conductivity
multiplying by scale setting.

7. While gently agitating the probe, take sample temperature CC) and
record.

8. Rinse probe with deionized water.

9. Record specific conductivity (1st column) and temperature on F.O.S.
sheet.



(Page 2 of 2)

Notes:

1. Calculate conductivity using following formula:

G7c = GT
[1 + 0.02 (T-25U

G2s * Conductivity at 2S*C, umhos/cm

T = Temperature of sample, 'C

Gj = Conductivity of sample at temperature T, umhos/cm

2. Report results for the standard solution with each data set.

3. Record on field sheet which meter and probe were used. Meter should
be wiped clean as necessary.

4. After returning to lab, compare results with previous data. Report
problems to lab personnel.

Reagent Preparation:

1. Stock Potassium Chloride Solution, 1.00 !!: Dissolve 74.555 g. K Cl
in Hilli-Q water and dilute to 1,000 ml. in a volumetric flask.

2. Standard Potassium Chloride Solution, p.OlOOH: Dilute to 10.0 mis.
of stock solution to 1,000 mis. with Milli-Q water using a volumetric
pipet and flask.



YSI MODELS 33 AND 33M S-C-T METERS
INSTRUCTIONS

Readability:
2.5 micromhos/cm on 500 aicromho/ca range.
25 aicroBhos/ca on 5,000 aicromho/cm range.
250 micromhos/cm on 50,000 aicroaho/ca range.

Temperature Compensation: None.

Model 33M Conductivity

Ranges:
0 to 50 (Jtl), 0 to 500 (xlO), and 0 to 5,000 (xlOO)
BS/B with YSI 3300 Series Probes.

Accuracy: (See Error Section)
+2.5% max. error at 50, 500, and 5,000 plus probe.
+3.0% max. error at 25, 250, and 2,500 plus probe.

GENERAL DESCRIPTION
Readability:

The YSI Kodel 33 and 33H S-C-T Heters are portable, 0.25 aS/a on 50 aS/a range.
battery powered, transistorized instruments designed to 2.5 aS/a on 500 aS/a range,
accurately measure salinity, conductivity and teapera- 25.0 mS/a on 5,000 mS/m range,
ture. They use a probe consisting of a rugged, plastic
conductivity cell and a precision YSI thermistor temp- Temperature Compensation: None,
erature sensor combined in a single unit.

Salinity

Range: 0-40 ppt in temperature range of -2 to +45°C,
within specified conductivity range of 0 to 50,000
micromho/ca (0 to 5.000 mS/a). See chart in section on
Recalibration.

Accuracy (See Error Section)
Above 4 C: +0.9 ppt at 40 ppt and +0.7 ppt at 20

taperature is measured in degrees Celsius. ppt plus conductivity probe.

Salinity measurements are manually temperature coapen- Below 4°C: +1.1 ppt at 40 ppt and +0.9 ppt at 20
sated by direct dial. Conductivity measurements are ppt plus conductivity probe.
not temperature compensated; however, a teaperature
function is provided on the instrument to aid with Readability: 0.2 ppt on 0-40 ppt range,
calculation of corrections. When teaperature and con-
ductivity are known, it is possible to calculate sal- Teaperature Coapensation: Manual by direct dial from
inity; and when only teaperature and salinity are -2 to +45°C.
known, it is possible to calculate conductivity. This
is discussed in the secion on Recalibration. Teaperature Range: -2 to +50 C.

Accuracy: +0.1°C at -2°C, +0.6°C at 45°C plus probe
SPECIFICATIONS (See Error Section)

Kodel 33 Conductivity

Ranges: 0 to 500 <xl), 0 to 5,000 (xlO), and 0 to
50,000 aicroahos/CB <x!00) with YSI 3300 Series Probes.
(Note: The "micromho" designations on the meter are a
shorthand fora for "micromho/cm".)

Accuracy: (See Error Section)
±2.5% max. error at 500, 5,000 and 50,000 plus probe.
+3.0% aax. error at 250, 2.500 and 25,000 plus probe.

Readability: +0,15°C at -2°C to +0.37°C at 45°C.

Power Supply: Two D-size alkaline batteries, Eveready
£95 or equivalent, provide approximately 200 hours of
operation.

Instrument Ambient Range: -5 to +45°C. A maximum error
of +0.1% of the reading per °C change in instrument
teaperature can occur. This error is negligible if the
instrument is readjusted to redline for each reading.

YSI Scientific
Yellow Sprinp, Ohto 45387 USA • fltoat 513 767-7241 • 800 343 HELP



S.linity Error

The salinity readings are a function of temperature and
conductivity, therefore the accuracy is a function of

'

Th« temperature scale and temperature control have been
designed to minimize the temperature error contribution
to the salinity error. The error shown in Figure 3 is
the total of the temperature and conductivity probe,
the temperature scale and the salinity scale error.

+% of •
READING

L j

apt SALINITY READING

rlGURE 3

-^ ,
Keter Reading: 10 ppt, • 10°C
% of Reading Error: 6.5H
Accuracy: 10 ppt +0.6S ppt for all errors,

coabined'worst case.

cltcB1T

The circuit is composed of two parts; a multivibrator
and switching transistors. The multivibrator produces
a square waveform voltage. The square wave is applied
to two switching transistors. They alternately apply
two batteries of opposite polarity to the probe thus
providing AC power which minimizes polarization ef-
fects. The meter is in series with one battery and
measures the current from it. The current from the
battery is proportional to the conductance of the cell.
Salinity is measured in a special range conductivity
circuit which includes a user-adjusted temperature
compensator. In the temperature, redline and II posi-
tions , the multivibrator operates at lOOHz , In the
salinity, X100 and X10 positions the multivibrator
operates at SOOHz; in these ranges, pushing the CELL
TEST button drops the frequency to lOOHz, allowing the

mSTXUKENT UIMTENAKCt

The only maintenance required it battery replacement.
Two "D" size alkaline flashlight cells, such as Ever-
eady E95 or equivalent, will provide 200 hrs. of opera-
tion. Accuracy will not be maintained if zinc-carbon
"D" cells are used. Battery replaceaent is indicated
when the redline adjustment cannot be accomplished.

Replace batteries every six months to reduce the danger
of corrosion due to leaky batteries. To replace bat-

battery holders are color coded. The positive end must
go on red.

OCXfe00-0-0-0-0-̂ 7̂ 7

MOTES:
Resistance values in ohms. K - 1,000. Resistors
ate 1/2 V, 10%, unless otherwise specified.

Battery is D size, alkaline only, Eveready E-95
or equivalent.

This schematic is representative and
may be slightly different from the
circuit in your instrument.

YSI MODEL 33 AND 33K SCHEMATIC



2. You may use the resistor and capacitor hookup shown If cleaning does Dot restore the probe performance,
in the sketch to substitute for the probe in the fol- replatinizing is required,
lowing recalibration procedure.

Storage
«. Set the instrument for a salinity measurement as
normal. It is best to store conductivity cells in deionized

water. Cells stored in water require less frequent
b. Substitute a 1000 microfarad capacitor and 112.7 platinization. Any cell that has been stored dry
ohm 0.1% tolerance resistor for the probe. should be soaked in deionized water for 24 hours before

use.
Connect the resistor and capacitor between the green
vire and red wire on the jack connections inside the Replatinization
instrument.

1. Clean the probe.

, , 2. Place the cell in a So ml (approximate) jar or
CREENWiflE H2.7S1 I000»i' beaker and add enough YSI 3140 Platinizing Solution to

cover the electrodes. Do not cover the top of the
probe.

RED WIRE 3- plu|3 th* probe into the Model 33 or 33H, switch to
Q______________________ -________ the X100 scale to platinize the electrodes. Move the

ptobe slightly to obtain the highest meter reading and
continue platinizing for the approximate tine shownc. Turn the tenperature dial until the meter reads below;

redline.
Metir Reading Tine in

d. Reinstall the temperature knob with the arrow at nicronhos/cm mS/m minutes
25°C.

30,000 3,000 5
This is a temporary calibration only. Return the in- 25,000 2,500 6
strument to the factory for proper recalibration. 20,000 z',000 8

15,000 l!soo 11
10,000 1,000 16

TSI 3300 SERIES CONDUCTIVITY/TEMPERATURE PROBES
4. After the elapsed time, remove the probe and rinse

Description in l»P water, then in distilled or deionized water.

These probes are designed and constructed for rugged, 5. Return the solution to its container. 2 oz. of
accurate service in field use. The conductivity cell solution should be sufficient for 50 treatments.
constant is 5.0/cm (500.0/m) +2X. Each probe contains

•.cP="£l°,nt "o" '£."£&".?•«•"• T"'c£ci- *«». <"' >°< T«»«i«.
tanc. cable asseably terminates in a three terminali it" A,-. ,x»,. .i,,. I- Obstructions near the probe can disturb readinjs.0.25 dia. phone pluc. J( l<m Mo inchej o, cl,lr>llc, .„„ be Illo,,4 tro.
The 3310 has a 10 foot cable and the 3311 a SO loot non-ietallic underwater objects. Metallic objects
cable. Other lenctns are available on special order. •»=' " f1'" " ""a"" >*>°M *• *«»« « le"< «inches from the probe.
The orobe has a rigid P.V.C. body, platinized pure
nickel electrodes and a rugged cable 2- Vei'ht» «• »ttached to the cable of the YSI 3310nicnei electrodes, ana a ruggeo caoie. ^ J3U Profces_ Tfae ysi 3J21 yeights ,re 5Upplitd in

pairs with t total weight of 4 ounces per pair. Should
. it become necessary to add more weight to overcome

Cleaning and Storage watfr curreDta/ „ suggest limiting the total weight
to two pounds t» pairs). For weights in excess of two

Cleaning pounds use an independent suspension cable. In either
Vh.n th. cell test indicate, lo. r.adin,, th. probable JJJ*' 0̂ i"" ""< "' *«* " lM" ' inch" '"* lr<"
cause is dirty electrodes. Hard water deposits, oils
and organic matter are the most likely contafflinants. ^ GeDtle tgitltiol| by raisiag ud lovering the probe

= ra=js?Jsrwa..'asM! 3Z£S£f==sms:£
cleaning preparation such as Dow Chemical "Bathroom
and Chrome Cleaner," Johnson Wax "Envy, Instant Clean-
er," or Lysol Brand "Basin, Tub, Tile Cleaner." Conductivity and Salinity Corrections for Long Cables

For stronger cleaning « 5 minute soak in a solution The additional length of wire in long cables adds
nade of 10 parts distilled water, 10 parts isopropyl capacitance and resistance which will effect readings,
alchol and 1 part HC1 can be used. The recommended way to correct for these influences is

by use of YSI Conductivity Calibrator Solutions (see
Always rinse the probe thoroughly in tap water, then in below), which vill permit an estimate of correction
distilled or deionized water after cleaning and before factors. If these solutions are not available, the
storage. following tables can be used for the correction of

errors caused by cable resistance and capacitance on
CAUTION: Do not touch the electrodes inside the probe. special length versions of the 3310, 3311. S-17933 and
Platinum black is soft and can be scraped off. S-16120 probes.



APPENDIX G-3

FIELD MEASUREMENT OF DISSOLVED OXYGEN



YSI DISSOLVED OXYGEN METER AND PROBE

Detection Limit: 1.00 mg/L Dissolved Oxygen

Working Concentration Range: 0 - 1 5 mg/L Dissolved Oxygen



YSI DISSOLVED OXYGEN METER AND PROBE

Scope and Application: The instructions outlined below are to be followed for
the daily calibration and routine operation of the YSI
Dissolved Oxygen Meter and Probe.

Reference: Instruction Manual YSI Model 54ARC Dissolved Oxygen Meter and YSI
5700 Dissolved Oxygen Probe.

Reagents and Apparatus:

1. YSI 54ARC Dissolved Oxygen Meter
2. YSI 5720A B.O.D. Bottle Probe
3. Membrane and KC1 kit, standard, YSI 5775
4. Replacement "0" ring, YSI Part #5945
5. Beater boot assembly, YSI Part #5486

Operating Procedure:

I. Preparing the Probe

All YSI 5700 Series Probes have similar sensors and should be cared
for in the same manner. They are precision devices relying on good
treatment if high accuracy measurements are to be made. Prepare the
probe as follows.

ALL PROBES ARE SHIPPED DRY - FOLLOW THESE INSTRUCTIONS
TO PREPARE FOR USE

1. Prepare the electrolyte by dissolving the KC1 crystals in a
dropper bottle with MIlli-Q water. Fill the bottle to the
top.

2. Remove the "0" ring and membrane. Thoroughly rinse the sensor
with KC1 solution.

3. Fill the probe with electrolyte as follows (see Figure 1):

a. Grasp the probe with your left hand.

b. Fill the sensor body until no more air bubbles appear.
Tap the probe against the countertop to dislodge any
air bubbles adhering to the sensor.

c. Secure a membrane under your left thumb. Add more electrolyte
to the probe until a large meniscus completely covers the gold
cathode. NOTE: Handle membrane material with care, keeping
it clean and dust free, touching it only at the ends.

d. With the thumb and forefinger of your other hand, grasp the
free end of the membrane.
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e. Using a continuous motion stretch the membrane UP, OVER,
and DOWN the other side of the sensor. Stretching forms
the membrane to the contour of the probe. The membrane
can be stretched to approximately 1 1/2 times its normal
size.

f. Secure the end of the membrane under the forefinger of the
hand holding the probe.

g. Roll the "0" ring over the end of the probe. There should
be no wrinkles in the membrane or trapped air bubbles.
Some wrinkles may be removed by lightly tugging on the edges
of the membrane beyond the "0" ring.

h. Trim off excess membrane with scissors or sharp knife.
Check that the stainless steel temperature sensor is not
covered by excess membrane.

4. Shake off excess KC1.

5. Store the probe In a BOO bottle containing about 1 inch of water.

6. Membranes average replacement is 2-4 weeks. If the electrolyte
in the probe is allowed to evaporate, air bubbles form under
the membrane. If air bubbles are noted under the membrane or
if the membrane becomes damaged, thoroughly flush the reservoir
with fresh KC1 and Install a new membrane as described above.

7. Replace the membrane if erratic readings are observed or
if calibration 1s not stable.

NOTE: The gold cathode should always be bright and untarnished.
If 1t is tarnished (which can result from contact with
certain gases) or plated with silver (which can result
from extended use with a loose or wrinkled membrane),
return 1t to the factory for service. Never use chemicals
or abrasives 1n an attempt to clean it.

Figure
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II. Preparing the YSI Instrument

It 1s Important that the Instrument be placed in the intended operating
position; vertical, tilted, or on its back - before it is prepared
for use and calibrated. (See Figure 8). Recalibration may be necessary
when the instrument operating position is changed. After preparing the
probe proceed as follows:

1. Wi th switch in the OFF position, adjust the meter pointer to
Zero with the screw in the center of the meter panel. Readjustment
may be necessary if the instrument operating position is changed.

2. Switch to RED LINE and adjust with the RED LINE knob until the
meter needle aligns with the red mark at the 31°C position.

3. Switch to ZERO and adjust to zero with zero control knob.

4. Attach the prepared probe to the PROBE connector of the
Instrument and adjust the retaining ring finger tight.

5. For optimum probe stabilization, let the meter and probe
equilibrate for 15 minutes before calibrating.

Figure 2

I I I . Calibration

The operator has a choice of three calibration methods: Winkler
titratlon, Saturated Water, and Air. The three methods are described
in the following paragraphs. The Winkler titratlon is the preferred
method of calibration.

Winkler Titratlon

1. Determine the dissolved oxygen 1n two samples from the aerated
water source using the Winkler tltration technique (refer to
the Dissolved Oxygen SOP) and average the values. If the
values differ by more than 0.5 mg/L, discard the samples and
repeat.
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2. Place the YSI probe in the third sample and stir.

3. Switch to desired mg/L scale range and adjust with the CALIBRATION
control to the average value determined in Step 1. Allow the
probe to remain in the sample for at least two minutes before
setting the calibration value, and leave in the sample for an
additional 2 minutes to verify stability (Readjust if necessary).

Saturated Water Calibration

1. A1r saturate a volume of water by aerating for at least 1 hour
at a constant temperature (preferably room temperature).

2. Place the probe in the sample and stir. Switch to TEMPERATURE
scale. Refer to Calibration Table I for the mg/L value
corresponding to the temperature.

3. Determine local altitude or the "true" atmospheric pressure
(note that "true" atmospheric pressure 1s as read on a barometer.
Weather Bureau reporting of atmospheric pressure is corrected to
sea level). Using Calibration Table II determine the correction
factor for your pressure or altitude.

4. Multiply the mg/L value from Table I by the correction factor from
Table II to determine the corrected calibration value for your
conditions.

EXAMPLE: Assume temperature = 21"C and altitude * 1000 feet.
From Table I the calibration value for 21"C is 8.9 mg/L. From
Table II the correction factor for 1000 feet is about 0.96.
The corrected calibration value is 8.9 mg/L x 0.96 = 8.54 mg/L.

5. Switch to an appropriate mg/L scale range and adjust the CALIBRATE
knob while stirring until the meter reads the corrected calibration
value from Step 4. Leave the probe in the sample for two minutes
to verify calibration stability. Readjust If necessary.

Air Calibration - Fresh Water

1. Place the probe 1n a BOO bottle partially filled with water.
Walt approximately 10 minutes for temperature stabilization.
This may be done simultaneously while the probe is stabilizing.

2. Switch to TEMPERATURE and read. Refer to Table I - Solubility of
Oxygen 1n Fresh Water, and determine calibration value.

3. Determine altitude or atmospheric correction factor using Table II.
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4. Multiply the calibration value from Table I by the correction
factor from Table II.

EXAMPLE: Assume temperature * 21 °C and altitude = 1000 feet.
From Table I the calibration value for 21°C is 8.9 mg/L. From
Table II the correction factor for 1000 feet is about 0.96.
Therefore the corrected calibration value is 8.9 mg/L x 0.96 -
8.54 mg/L.

5. Switch to an appropriate mg/L range and adjust the CALIBRATE
knob until the meter reads the corrected calibration value from
Step 4. Wait two minutes to verify calibration stability.
Readjust if necessary.

IV. Dissolved Oxygen Measurement

1. With the instrument prepared for use and the probe calibrated,
place the probe in the sample to be measured and turn on
stirring boot.

2. Allow sufficient time for probe to stabilize to sample.

3. Read dissolved oxygen directly from scale.

V. Maintenance of the Stirrer Boot

1. The probe uses a flexible stirring boot to transmit motion from the
sealed motor housing to the sample. If the boot shows signs of
cracking or other damage which may allow leaking into the motor
housing, the boot must be replaced.

2. In fresh water applications boot life is normally several years,
but this may be shortened by exposure to hydrocarbons, moderate
to strong acids or bases, ozone, or direct sunlight. For maximum
life rinse the boot with deionized water after use in contaminated
samples.

3. Boot replacement is as follows:

a. Pull off old assembly and clean shaft.

b. Slide on new assembly making sure the back spring 1s on the
grooved area of the shaft. A small amount of rubber cement
may be used.

c. Check that there is sufficient clearance between the tip and
the end of the shaft to permit turning without binding.
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TABLE I

Solubility of Oxygen in Fresh Water

Temperature•c
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

mg/L Dissolved
Oxygen

14.60
14.19

Temperature
•c
23
24

13.31 j 25
13.44
13.09
12.75
12.43
12.12
11.83
11.55
11.27
11.01
10.76
10.52
10.29
10.07
9.85
9.65
9.45
9.26
9.07
8.90
8.72

.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

mg/L Dissolved
Oxygen

8.56
8.40
8.24
8.09
7.95
7.81
7.67
7.54
7.41
7.28
7.16
7.05
6.93
6.82
6.71
6.61
6.51
6.41
6.31
6.22
6.13
6.04
5.95

Source: Derrived from 16th Edition "Standard Methods for the
Examination of Water and Wastewater".

This table shows the amount of oxygen in mg/L that is dissolved in air
saturated fresh water at sea level (760 mm Hg atmospheric pressure)
as temperature varies from 0* to 45*C.
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Table II

Correction for Atmospheric Pressure

Atmospheric Pressure
rnm/Hg or

775
760
745
730
714
699
684
669
654
638
623
608
593
578
562
547
532
517
502

Equivalent Altitude
Ft.

540
0

542
1094
1688
2274
2864
3466
4082
4756
5403
6065
6744
7440
8204
8939
9694

10472
11273

Correction
- Factor

1.02
1.00
.98
.96
.94
.92
.90
.88
.86
.84
.82
.80
.78
.76
.74
.72
.70
.68
.66

Source: Oerrived from 16th Edition "Standard Methods for the
Examination of Water and Wastewater",

This table shows the correction factor that should be used to correct
calibration value for the effects of atmospheric pressure or altitude.
Find true atmospheric pressure in the left hand column and read across
to the right hand column to determine the correction factor. (Note
that "true" atmospheric pressure is as read on a barometer. Weather
Bureau reporting of atmospheric pressure is corrected to sea level.)
If atmoshperic pressure is unknown, the local altitude may be substituted.
Select the altitude in the center column and read across to the right
hand column for the correction factor.
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES
INSTRUCTIONS

The probes described in these instructions are designed
for direct use with YSI Models SO, SIB, S4ABP, 54ARC,
56, 57 and SB Dissolved Oxygen Meters. The probes can
also b« used with discontinued YSI Models 51A, 54BP and
54RC Dissolved Oxygen Meters when the YSI 5735 Cable
Adapter is employed.

PRINCIPLES OF OPERATION

YSI 5700 Series Probes are polarographic sensors. A
thin permeable membrane stretched over the sensor iso-
lates the electrodes from the environment, but allows
gases to enter. When a polarizing voltage is applied
across the sensor, oxygen that has passed through the
membrane reacts at the cathode, causing a current to
flov.

The membrane passes oxygen at a rate proportional to
the difference across it in partial pressure of oxygen.
Since oxygen is rapidly consumed at the cathode, it can
b* assumed that the oxygen pressure under the membrane
is zero. Hence, the force causing the oxygen to
diffuse through the membrane is proportional to the
partial pressure of oxygen outside the membrane. As
the oxygen partial pressure varies, both the oxygen
diffusion through the membrane and the probe current
will change proportionally.

SPECIFICATIONS

Cathode: Gold
Anode: Silver
Membrane: .001" FEP Teflon, standard
Electrolyte: Half saturated KC1 '
Temperature Range: -5s .to 45"C

15* to 35"C for the 5760 probe
Temperature Accuracy: *0.2°C
Temperature Compensation: (see instrument

specifications)
Polarizing Voltage: 0.8 Volts (nominal)
Probe Current in Air at 30"C: 19 microamps (nominal)

in Nitrogen at 30*C: 0.15 microamps or less
Response Time: Typical response for dissolved oxygen,

using standard membranes. Is 90% in 10 seconds at
a constant temperature of 30*C.

Response at low dissolved oxygen levels is typically
90% in 30 seconds.

ACCESSORIES AHD REPLACEMENT PARTS

YSI S492A Battery Pack for Models 51B and S4A (Powers
the submersible stirrers.)

YSI 5735 Cable Adapter (Mates 5700 Series probes with
discontinued YSI Models 51A, 543P and 54RC Dis-
solved Oxygen Meters)

Accessories for the 5720A, 5739 and 5750

YSI 5680 Probe Reconditioning Kit. Includes a sanding
tool and ten adhesive disks.

YSI 5775 Membrane and KCl Kit, Standard. Includes two
15-membran* packets (.001" thick standard FEP
Teflon membranes) and a 30 ml bottle of KCL with
Kodak Photo Flo.

YSI 5776 Membrane ar.d KCl Kit, High Sensitivity.
Includes two 15-membrane packets (.0005" thick
FEP Teflon membranes) and a 30 ml bottle of KCl
with Kodak Photo Flo. Used for measurements below
158C and/or for low oxygen levels

YSI 5793 .001" membranes, 10-membrant packet
YSI 5794 .0005" membranes, 10-membrane packet
YSI 5945 0-ring pack (Contains replacement sensor

0-rings)

Accessories for the 5720A Only

YSI 5486 Stirrer Boot Assembly

Accessories for the 5739 Only

YSI 5075A Calibration Chamber
YSI 5986 Diaphragm Kit

YSI 5740-10 detachable 10' cable
YSI 5740-25 detachable 25' cable
YSI 5740-50 detachable 50' cable
YSI 5740-100 detachable 100' cable
YSI 5740-150 detachable 150' cable
YSI 5740-200 detachable 200' cable

YSI 5791A Submersible Stirrer with 50' cable for stir-
rer only

YSI 579SA Submersible Stirrer with 50' combined probe
and Stirrer cable

YSI 5720A BOO BOTTLE PROBE

The 5720A bottle probe (Figure 1) is used for measuring
dissolved oxygen in standard BOD bottles. It is pro-
vided with a Stirrer powered by a DC supply available
for 115 or 230 VAC input.

\
Figure 1. Th« YSI 5720A Prob»

YSI Incorporated
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To use the 5720A, plug the stirrer power supply into
line power and the probe plug in the instrument. With
the stirrer off, place the tapered probe end into a
filled the BOO bottle and turn on the stirrer. The
probe should be operated with a minimum of trapped air
in the bottle. A slight amount of air in the unstirred
region at the top may be neglected, but no bubble
should be permitted around the sensor. CAUTION: The
motor housing is not waterproof; do not submerge this
probe beyond the part that is inserted into a BCD
bottle.

Stirrer Boot (YSI 5486)

The 5720A uses a flexible stirring boot to transmit
motion from the motor housing to the sample. If the
boot shows signs of cracking or other damage liable to
allow leakage into the motor housing. It must be
replaced. Running the 5720A with a damaged stirrir.g
boot could cause permanent motor damage. Boot life may
be shortened by exposure to hydrocarbons, moderate to
strong acids or bases, ozone, or direct sunlight. For
maximum life, rinse the boot after each use. Boots are
replaced as follows:

1. Pull off the old assembly and clean the stir rod
housing.

2. Slide on the new assembly, making sure the back
spring is over the grooved area of the stir red
housing. A drop of alcohol will aid installation by
providing lubrication.

3. Do not permit th* stir rod to press against the end
of the stirrer boot tip or it will bind.

YSI 5739 DISSOLVED OXYGEH PROBE

The 5739 probe systeri consists of the probe body plus a
detachable cable (see Figure 2). The detachable cable
Is a convenience feature that facilitates changing
cable lengths and replacing damaged cables or probes.
The probe and cable assembly is held together with a
threaded retainer. The assembly is not intended for
casual disconnection; cable and probe should be separ-
ated only when necessary.

To detach the cable, unscrew the retainer and slide it
down the cable to expose the connector. Pull gently on
th* connector until it comes away from the probe body.
If the 0-ring is frayed or damaged, replace it: a
replacement 0-ring is supplied with each 5740 cable.
Reassemble by pushing the connector into the probe
body, rotating it until the two halves mate. A light
coating of silicone grease on the 0-ring will make
reassembly easier. Be sure the connector is dry;
otherwise, erratic readings may result. Screw on the
retainer tincer-tight only.

Pressure Compensation

The 5739 probe has a unique pressure compensating
system that helps assure accurate readings at great
depths. Pressure compensation is effective to 1/2% of
reading with pressures up to 100 psi (230 feet of
water). The compensating system does not normally
require service and should not be taken apart. How-
ever, if electrolyte is leaking through the diaphragn,
or if there is an obvious puncture, the diaphragm trust
b* replaced. A spare is supplied with the probe. Us*
a coin to unscrew the retaining plug and remove the
washer and diaphragm. With distilled water, flush any
salt crystals from the reservoir, install a new dia-
phragm (flat side out), replace the washer and securely
screw in the retaining plug.

.RETAINING PLUG

MEMBRANE-^S-
.: v̂ MEMBRANE 0-RING

"^SENSOR GUARD

figure 2. The YSI 5739 Prob«

YSI 57SO BOO BOTTLE PROBE

The 5750 (Figure 3) is similar to the 5720A except that
it does not have a stirrer. Agitation of the sample
must be provided b/ other means, such as a magnetic
stirrer.

Figure 3. The YSI 5750 Prob*

PROBE PREPARATION

All probes are shipped dry. You must follow these
instructions when preparing a new probe or when chanc-
ing membranes. Prepare the electrolyte by dissolving
the KC1 crystals which are supplied in a dropper bottle
that should be filled to the neck with distilled water
and shaken until the crystals are dissolved.

1. Unscrew the sensor guard (5739 only). Renove the
0-ring and membrane, then thoroughly rinse the sensor
with distilled water.
2. To fill the probe with electrolyte and install a new
membrane, follow these steps:

a. Grasp th* probe in your left hand. (See the
sketches in Figure 4.) When preparing the 5739
probe, the pressure compensating port should be to
th* right. Successively fill the sensor body with
electrolyte while pumping the diaphragm with the
eraser end of a pencil or a similar soft, blunt
tool. Continue filling and pumping until no more



air bubbles appear. For case in preparing th*
5720A. the stirring rod should be to the left. When
preparing the 5720A or 5750 probes, simply fill the
sensor body until no more air bubbles appear.

b. Secure a membrane between your left thumb and the
probe body. Add more electrolyte to the probe until
a large meniscus completely covers the gold cathode.
NOTE: Handle membrane material with care, touching
it at the ends only.

c. With the thumb and forefinger of your other hand,
grasp the free end of the membrane.

d. With a continuous motion, stretch it up, over and
down the other side of the sensor. Stretching forms
the membrane to the contour of the probe.

«. Secure the end of the membrane under the forefinger
of your left hand while holding the probe.

f. Roll the 0- ring over the end of the probe, being
careful not to touch the membrane surface. For the
5720A, start at the right side of the sensor and
roll the 0-ring toward the stirring rod. There
should be no wrinkles in the membrane or trapped air
bubbles. Seme wrinkles may be removed by lightly
tugging on the edges of the membrane beyond the
0-ring.

g. Trim off excess membrane with scissors or sharp
knife. Check that the stainless steel temperature
sensor is not covered by excess membrane.

3. Shake off
sensor guard.

excess KC1. On the 5739, reinstall the

Figure 4. Membrane Application

Probe Storage

A bottomless plastic bottle is provided with the YSI
5739 prob* for convenient storage. Place a small piece
of moist towel or sponge in the bottle and insert the
probe into the open end. This keeps the electrolyte
from drying out. The 5720A and 5750 probes can be
stored in a BOO bottle containing at least 1" of water.

OPERATING PRECAUTIONS, ALL PROBES

1. Membrane life depends on use. Membranes will last a
long time if installed properly and treated with care
during use. Erratic readings result from loose, wrink-
led or fouled membranes, or from large bubbles in the
electrolyte reservoir. If erratic readings, or evidence
of membrane damage occur, you should replace the
membrane and KCL, The average replacement interval is
two to four weeks; electrolyte in constant or heavy use
will be exhausted in about two weeks.

If the sensor 0-ring on any probe is worn or loose,
replace it with the 0-ring provided in the YSI 5945
0-ring Pack.

2. The gold cathode should always be bright and untar-
nished. If it is tarnished (which can result from
contact with certain gases) or plated with silver
(which can result from extended use with a locse cr
wrinkled membrane), it needs to have its surface
restored. Probes may either be returned to the factory,
or cleaned with the YSI 5680 Probe Reconditioning Kit;
never use chemicals or any abrasive not supplied with
this kit.

3. It is also possible that the silver anode may becor.e
contaminated, which will prevent successful calibra-
tion. Try soaking the probe overnight in a 3V ammonia
solution; rinse with deionized water, recharge with
electrolyte, and install a new membrar.t- If still
unable to calibrate after several hours, return the
probe for service.

4. Hydrogen sulfide, sulfur dioxide, halogens, and neon
are interfering gases. If you suspect erroneous read-
ings, it may be necessary to determine if these are the
cause.

These gases have been tested for response:
100% Carbon Monoxide
100% Carbon Dioxide
100% Hydrogen
100% Chlorine
100% Helium
100% Nitrous Oxide
100% Ethylene
100% Nitric Oxide

less than 1%
around 1%

less than 1%
2/3 02 response

none
1/3 0, response

1/3 0.
none

response

5. The correct liquid level in BOD bottles is achieved
by overfilling, then inserting a stopper and pouring
off the excess. When using a YSI 5760 or a 5720A probe
in a filled BOD bottle, be careful to insert it slowly
to avoid sample overflow.

6.). When using the 5720A in samples containing heavy
particulate solids, additional stirring may be needed.
Inverting the stoppered bottlt immediately before use
will usually provide adequate mixing.

CALIBRATION

Daily calibration is generally appropriate. Calibra-
tion can be disturbed by physical shock, touching the
membrane, fouling of the membrane or drying out of the
electrolyte. Check calibration after each series of
measurements, and in time you will devtlos a realistic
schedule for recalibration. When probes are not in
use, store them as recoraended in Probe Preparation.

Probes may be calibrated by Winkler Titration or by the
Hater Saturated Air method. Experience has shown that
air calibration is quite reliable, yet far simpler than
titration. Both methods are described here. Consult
the manual for your particular instrument for more
complete instructions'



Kinkier Titration

1. Draw a volume of water £rom a single source and
carefully divide it into four samples. Determine the
oxygen in three of tht samples using the Hinkler Titra-
tion technique and average the three values. If one of
the values differs from the other two by more than 0.5
rog/L, discard it and average the two values remaining.

2. Using the probe-meter system you are calibrating,
place the probe into the fourth sample and stir.

3. Switch to the desired mg/L range and adjust the
CALIBRATION control to the average value determined in
step 1. Allow the probe to remain in the sample for at
least 5 minutes before setting the calibration vali_e,
then leave it in the sample for an additional two
minutes to verify stability. Readjust if necessary.

Air Calibration

1. riact the probe in a BOO bottle containing about 1
inch of water. Wait approximately ten minutes for
temperature stabilization.
The 5739 probe can be placed in the YSI 5075A Calibra-
tion Chamber or in the small calibration bottle sup-
plied with the probe (the one with the hole in the
bottom) along with a few drops of water, or a moistened
towel or cloth.

2. Read the temperature and refer to the instrument
Calibration Table to determine the calibration value.
NOTE: To achieve the stated accuracy of measurement,
the probe must b« stabilized before calibrating. The
calibration temperature should be within 5 degrees of
tht sample temperature.

3. Determine the atmospheric correction factor
Instrument instructions).

4. Multiply the
factor.

calibration value by the correction

S. Switch your instrument to an appropriate mg/L range
and adjust the CALI3RATI control until the meter reac's
tht corrected calibration value from step 4. Without
changing the calibration setup, monitor the readings
for an additional 3 minutes to verify calibration
stability. Readjust if necessary.

WARRANTY AND REPAIR

All YSI products carry a one-year warra."1/ on workman-
ship and parts, exclusive of batteries. Damage through
accident, misuse, or tampering will be repaired at a
nominal charge, if possible, when the iter, is returned
to the factory or to an authorized YSI dealer. Elec-
trode cleaning is not csvered by warranty.

If you are experiencing difficulty with any YSI pro-
duct, it may be returr.ed for repair, ever, if the war-
ranty has expired. YSI maintains complete facilities
for prompt servicing on all its products. This war-
ranty is limited to repair or replacement (YSI's
option) at no charge.

£f YSI Incorporated
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SUMMARY OF OPERATING INSTRUCTIONS
1. CALIBRATION

A. Switch instrument to OFF and adjust meter mechanical zero.
B. Switch to RED LINE and adjust.
C. Prepare probe for operation, connect to instrument, wait up to 15 minutes

lor probe to stabilize. Probe can be in calibration chamber or ambient air.
D. Switch to ZERO and adjust to "0" on mg/l scale.
E. Switch to TEMP and read on °C scale.
F. Use probe temperature and true local atmospheric pressure (or leet above

sea level) to determine calibration values from Tables I and II. (See
pages 14 and 15).
EXAMPLE: Probe temperature = 21°C: Altitude = 10OO leet. From
Table I the calibration value for 21°C is 8.9 mg/l. From Table II the
altitude factor for 1000 feet is approximately .96. The correct calibration
value, then, is:

8.9 mg/l X .96 factor = 8.54 mg/l
G. Switch to 0-1O or 0-20 mg/l range and adjust meter with CAL control to

calibration value determined in Step F.
NOTE: It is desirable to calibrate probe in a high humidity environment.
(See calibration section for more detail).

2. MEASUREMENT
A. Place probe in sample and stir.
B. Allow sufficient time for probe to stabilize to sample temperature and dis-

solved oxygen.
C. Read dissolved oxygen on appropriate range (1-10 or O-20 mg/l)
D. We recommend the instrument be left on between measurements to

avoid the necessity to repolarize the probe.

3. GENERAL CARE
A. Recharge batteries in the YSI Model 54ARC when the instrument can no

longer be red lined. Recharge 16-20 hours. Replace with Burgess CD-6 or
equivalent. Replace batteries in the YSI Model S4ABP when red line can-
not be set with Panasonic UM-2N or equivalent.

B. Membranes will last indefinitely, depending on usage. Average replace-
ment is 2-4 weeks. Probe should be stored in humid environment to pre-
vent drying out.

C. Calibrate daily.
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GENERAL DESCRIPTION
The YSI Models 54ARC and 54ABP Dissolved Oxygen Meters are intended

lor dissolved oxygen and temperature measurement in water and wasiewater
applications, but are also suitable for use in certain other liquids. Dissolved Ox-
ygen is indicated in mg/i {milligrams per liter) on 0-10 and 0-20 ing/I scales.
Temperature is indicated in °C on a -5° to + 45°C scale. Both dissolved oxygen
ranges are automatically temperature compensated for solubility of oxygen in
water and permeability of the probe membrane.

The probes use Clark-iype membrane covered polarographic sensors with
built-in thermistors for temperature measurement and compensation. A thin.
permeable membrane stretched over the sensor isolates the sensor elements
from the environment, but allows oxygen and certain other gases to enter. When
a polarizing voltage is applied across the sensor, oxygen that has passed through
the membrane reacts at the cathode, causing a current to flow.

The membrane passes oxygen at a rate proportional to the pressure difference
across it. Since oxygen is rapidly consumed at the cathode, it can be assumed
that the oxygen pressure inside the membrane is zero. Hence, the force causing
the oxygen to diffuse through the membrane is proportional to the absolute
pressure of oxygen outside the membrane. If the oxygen pressure increases,
more oxygen diffuses through the membrane and more current flows through
the sensor. A lower pressure results in less current.

Power to operate the system is provided by internal batteries in the in-
struments, rechargeable batteries in the YSI Model 54ARC and disposable
batteries in the YSI Model 54ABP.

SPECIFICATIONS
I. Instrument

Oxygen Measurement
Ranges: 0-10 and 0-20 mg/l tO-5 and 0-10 mg/l with YSI 5776 High

Sensitivity Membrane)
Accuracy: ±1% of full scale at calibration temperature (±0.1 mg/l and

0-10 scale).
Readability: ,05 my/I on 0-10 scale: 0 1 tmj/l un 0-20 scale.

Temperature Measurement
Ranges: -5° to +45°C
Accuracy: ± 0.7°C. including probe
Readability: 0.25°C

Temperature Compensation

± 1% of D.O. reading for measurements made within ± 5°C of calibration
temperature.
± 3% of D.O. reading over entire range of -5 to + 45°C Probe temperature.

System Response Time
Typical response for temperature and D.O. readings is 90% in 10 seconds
at constant temperature of 30°C with YSI 5775 Membranes. DO.
response at low temperature and low D.O. is typically 90% in 30 seconds.
YSI 5776 High Sensitivity Membranes can be used to improve response at

low temperature and low D.O. concentrations. If response lime under any
operating conditions exceeds two minutes, probe service is indicated.

Operating Temperature Range
Instrument and probe operating range is -2° to +45°C. Largo ambient
temperature changes will result in 2% loss of accuracy unless Red Line and
Zero are reset.

Recorder Output
0 to 114-136 mV. Recorder should have 50.000 ohms minimum input im-
pedance.

Power Supply
YSI Model 54ABP: (4) 1.5 volt carbon zinc batteries provide approximately
1000 hours operation. Replace with Panasonic UM-2N or equal.

YSI Model 54ARC: 14) 1 25 volt Ni-Cad rechargeable cells (Burgess CD-6
or equal) provide approximately 100 hours of operation between charges.

II. Probe

Cathode: Gold
Anode: Silver
Membrane: .001" FEP Teflon (.0005" FEP Teflon available)
Electrolyte: Half Saturated KCt
Temperature Compensation: (See SPECIFICATIONS. I Instrument)
Pressure Compensation Effective 1/2% of reading to pressures of 1 00 psi
(230 ft. water)
Polarizing Voltage: 08 volts nominal
Probe Current: Air at 30°C = 19 microamps nominal

Nitrogen at 30°C =15 microamps or less

III. Accessories and Replacement Parts

YSI 5720A — Self Stirring BOD Bottle Probe
YSI 5750 — Non Stirring B.O.D. Bottle Probe
YSI 5739 — Oxygen Temperature Probe for field use Combine with one

of the following cables for desired lead length:
YSI 5401 — Battery Charger Eliminator 115V
YSI 5402 — Battery Charger Eliminator 230V

Detachable leads for
YSI 5740-10
YSI 5740-25
YSI 5740-50
YSI 5740-100
YSI 5740-150
YSI 5740-200

se with YSI 5739

10' cable
25' cable
50' cable

100' cable
150' cable
200' cable

YSI 5492A — Battery Pack Operates YSI 579 1 A and 5795A Submersible
Stirrers



YSI 5791A — Submersible Slirrer for field use
YSI 5795A — Submersible Stirrer for field use
YSI 5075A — Calibration Chamber lor use wilh field probe
YSI 5890—Carrying Case
YSI 5775 — Membrane and KCI Kit. Standard — includes 2 each 15-

membrane packets (001" thick standard membranes) and a
30 ml bottle KCI with Kodak Photo Flo

YSI 5776 —Membrane and KCI Kit. High Sensitivity — includes 2 each
15-membrane packets (.0005" thick membranes) and a 3O ml
bottle KCI with Kodak Photo Flo

YSI 5945 — "0" Ring Pack — includes (61 "0" rings for each YSI D.O.
Probe.

YSI 5486 — Beater Boot Kit — includes 11) A-05486 Boot. 111 A-05484
Tip. (2) A-05465 Spring. Used only on 5720A and discon-
tinued S420A and 5720.

YSI 5986 — Diaphragm Kit for use only with YSI 5739 DO Probe.

YSI 5734 — Adaptor makes it possible to use discontinued YSI 5400 Series
Probes wilh YSI Models 54ARC and 54ABP.

YSI 5735 — Adaptor makes it possible to use YSI 5739. 5720A and 5750
Probes wilh discontinued YSI Models 54RC and 54BP.

OXYGEN PROBES AND EQUIPMENT
There are three oxygen probes (or use with the YSI Models 54ARC and

54ABP Dissolved Oxygen Meters. Descriptions of where they are used are con-
tained in (tie following paragraphs

I. YSI 5739 D.O. Probe
The YSI 5739 probe, with built-in lontl weight and pressure compensation, is

an improved design that replaces the discontinued YSI 5418. 5419, 5718 and
5719 probes. (See Figure 1)

For user convenience the probe is equipped with i) disconnecting cable to
facilitate changing cable lengths and replacing damaged cables or probes. The
probe and cable assembly is held together with a threaded retaining nut. The
connection is not designed (or casual disconnection and should only be dis-
connected when necessary.

To disconnect the cable unscrew the retaining nut and slide it down the cable
to expose the connector. Pull gently on the cable and connector until the con-
nector comes away from the probe body.

To reassemble, inspect the connector and "0" ring for cleanliness If the "O"
ring is frayed or damaged remove it by squeezing it in the groove causing it to
bulge, then roll it out of the groove and olf the connector. A replacement "0"
ring is supplied with the cable.

Push the connector into the probe body, rotating it until the two halves mate.
A light coating of vaseline or silicone grease on the "O" ring will make
reassembly easier. Air trapped between the connector halves which may cause
them to spring apart slightly, is normal. Screw on the retaining nut. hand tight
only, NOTE: If erratic readings are experienced, disconnect the cable and inspect
for water. If present, dry out and reconnect, replacing the "0" ring, if necessary.

Figure 1
Pressure Compensation
The vent on the side of the probe is part of a unique pressure compensating

system that helps assure accurate readings at great depths of water. Pressure
compensation is effective to 1/2% of reading with pressures to 100 psi {230 ft.
water). The quantity of air bubbles trapped under the membrane determines how
serious the pressure error will be. which is why proper preparation of the probe is
essential. (See OPERATING PROCEDURES.) The system is designed to accom-
modate a small amount of trapped air and still function properly, but the amount
should be kept to a minimum

The compensating system normally does not require servicing and should not
be taken apart. However, if electrolyte is leaking through the diaphragm or if
there is an obvious puncture, the diaphragm must be replaced. A spare is
supplied with the probe. Using a coin unscrew the retaining plug and remove the
washer and the diaphragm, flush any salt crystals from the reservoir, install the
new diaphragm (convolution side in), replace the washer, and screw in the
retaining plug.

II. YSI 5720A B.O.D. Bottle Probe
The YSI 5720A B.O.D. Bottle Probe replaces the discontinued YSI 5420A

B.O.D. Bottle Probe for measuring dissolved oxygen and temperature in stan-
dard B.O.D. bottles. It is provided with an agitator for stirring the sample solu-
tion, available in models for 117VAC (95-135VAC, 50-60 Hz) or 230VAC (190-
250VAC, 50-60 Hz) operation. (See Figure 2)



Figure 2

When using the probe, plug the agitator power supply into line power and the
probe plug into the instrument. With the agitator turned off place the tapered
probe end into the B.O.D. bottle and switch agitator "ON" with switch on top of
probe. The probe should be operated with a minimum of trapped air in the
B.O.D. bottle. A slight amount of air in the unstirred region at the top of the bot-
tle may be neglected, but no bubbles should be around the thermistor or oxygen
sensor.

Stirrer Boot
The probe uses a flexible stirring boot to transmit motion from the sealed

motor housing to the sample. If the boot shows signs of cracking or other
damage likely to allow leaking into the motor housing, the boot must be
replaced.

In fresh water applications boot life is normally several years, but this may be
shortened by exposure to hydrocarbons, moderate to strong acids or bases,
ozone, or direct sunlight. For maximum life rinse the boot after use in con-
taminated samples. (See Figure 3) '

Boot replacement is as follows:
1. Pull off old assembly and clean shaft.
2. Slide on new assembly making sure the back spring is on the grooved area

of the shaft. A small amount of rubber cement may be used.
3. Check that there is sufficient clearance between the tip and the end of the

shaft to permit turning without binding.

TIP —
A-05484

Figure 4

III. YSI 5750 B.O.D. Bottle Probe
The YSI 5750 B.O.D. Bottle Probe replaces the discontinued YSI 5450

B.O.D. Bottle Probe. It is similar to the YSI 5720A B.O.D. Bottle Probe, except
that it does not have a stirrer. Agitation of the sample must be provided by other
means, such as a magnetic stirrer. (See Figure 4}

IV. Cable Adaptors
All YSI 5700 Series Probes are designed for direct use with the YSI Models

54ARC and 54ABP Dissolved Oxygen Meters. However, to use YSI 5700
probes with the discontinued YSI Models 54RC and 54BP. cable adaptor YSI
5735 is required.

V. YSI 5791A and 5795A Submersible Stirrers
The YSI submersible stirrers are accessories that perform the function of stir-

ring the sample being studied when making dissolved oxygen measurements in
the field. The YSI 5791A stirrer can be used with the following dissolved oxygen
probes: YSI 5418. 5419. 5718. 5719. and 5739. The YSI 5795A stirrer is only
for use with the YSI 5739 Probe. (See Figure 6)

When a stirrer and probe are assembled, the stirrer agitates the sample direct-
ly in front of the sensor by means of a rotating eccentric weight which causes
the spring-mounted hermetically sealed motor housing to vibrate. An impeller on
the end of the motor housing flushes the media across the oxygen sensor. (See
sales literature and instruction sheets for further information).

Figure 3 Figure 5 Figure 6



VI. YSI 5492A Battery Pack
The YSI 5492A Battery Pack is designed to attach to the case of all YSI

Model 54 Dissolved Oxygen Meters lo provide power (or operating the submer-
sible stirrers. (See sales literature and instruction sheets (or further information).

OPERATING PROCEDURES
1. Preparing the Probe

All YSI 5700 Series Probes have similar sensors and should be cared (or in
the same manner. They are precision devices relying on yood treatment if high
accuracy measurements are to be made. Prepare the probes as follows. (See
Figure 7}
ALL PROBES ARE SHIPPED DRY — YOU MUST FOLLOW THESE IN-
STRUCTIONS

1. Prepare the electrolyte by dissolving the KCI crystals in the dropper bottle
with distilled water. Fill the bottle to the top.

2. Unscrew the sensor guard from the probe (YSI 5739 only) and then remove
the "O" ring and membrane. Thoroughly rinse the sensor with KCI solution.

3. Fill the probe with electrolyte as follows:
A. Grasp the probe in your left hand. When preparing the YSI 5739 probe

the pressure compensating vent should be to the right. Successively (ill
the sensor body with electrolyte while pumping the diaphragm with the
eraser end of a pencil or similar soft, blunt tool. Continue filling and
pumping until no more air bubbles appear. (With practice you can hold
the probe and pump with one hand while filling with the other.) When
preparing the YSI 5720A and 5750 probes, simply fill the sensor body
until no more air bubbles appear.

B. Secure a membrane under your left thumb. Add more electrolyte to the
probe until a large meniscus completely covers the gold cathode. NOTE:
Handle membrane material with care, keeping it clean and dust free,
touching it only at the ends.

C. With the thumb and forefinger of your other hand, grasp the free end of
the membrane.

D. Using a continuous motion stretch the membrane UP, OVER, and
DOWN the other side of the sensor. Stretching forms the membrane to
the contour of the probe. The membrane can be stretched to ap-
proximately 1-1/2 times its normal length.

E. Secure the end of the membrane under the forefinger of the hand
holding the probe.

F. Roll the "O" ring over the end of the probe. There should be no wrinkles
in the membrane or trapped air bubbles. Some wrinkles may be
removed by lightly tugging on the edges of the membrane beyond the
"0" ring.

G. Trim off excess membrane with scissors or sharp knife. Check that the
stainless steel temperature sensor is not covered by excess membrane.

4. Shake off excess KCI and reinstall the sensor guard.
5. A bottomless plastic bottle is provided with the YSI 5739 probe for con-

venient storage. Place a small piece of moist towel or sponge in the bottle
and insert the probe into the open end. This keeps the electrolyte from dry-

ing out. The YSI 5720A and 5750 probes can be stored in a B.O.D. bottle
containing about 1" of water.

6. Membranes will last indefinitely, depending on usage. Average replacement
is 2-4 weeks. However, should the electrolyte be allowed to evaporate and
an excessive amount of bubbles form under the membrane, or the mem-
brane become damaged, thoroughly flush the reservoir with KCI and install a
new membrane.

7. Also replace the membrane if erratic readings are observed or calibration is
not stable.

8. "Home brew" electrolyte can be prepared by making a saturated solution of
reagent grade KCI and distilled water, and then diluting the solution to half
strength with distilled water. Adding two drops of Kodak Photo Flo
per 100 ml of solution assures good wetting of the sensor, but is.not ab-
solutely essential.

9. The gold cathode should always be bright and untarnished. If it is tarnished
(which can result from contact with certain gases) or plated with silver (which
can result from extended use with a loose or wrinkled membrane), return
it to the factory for service. Never use chemicals or any abrasive.

10. HaS. SOi. Halogens. Neon. Nitrous Oxide and CO are interfering gases If
you suspect erroneous readings, it may be necessary 10 determine if these
are the cause. These gases have been tested lor response.
100% Carbon Monoxide-Less than 1% 100% Helmm-none
100% Carbon Dioxide-Around 1% 100% Nitrous Oxide-1/3 GJ response
100% Hydrogen-Less than 1% 1 00% Ethylene-none
100% Chlorine-2/3 Oi response 100% Nitric Oxide-1 /3 Oi response

Figure 7



Figure 8

II. Preparing the Instrument
It is important that the instrument be placed in the intended operating posi-

tion vertical, tilted, or on its back — before it is prepared for use and calibrated.
(See Figure 8). Readjustment may be necessary when the instrument operating
position is changed. After preparing the probe proceed as follows:

1. With switch in the OFF position, adjust iho meter pointer to Zero with the
screw in Iho center of the motor piincl Readjustment may bo necessary if
the instrument position is changed.

2. Switch to RED LINE and adjust the RED LINE knob until the meter needle
aligns with the red mark at the 31°C position.

3. Switch to ZERO and adjust to zero with zero control knob.

4. Attach the prepared probe to the PROBE connector of the instrument and
adjust the retaining ring finger tight.

5. Before calibrating allow 15 minutes for optimum probe stabilization.
Repolanze whenever the instrument has been OFF or the probe has been
disconnected.

III. Calibration

The operator has a choice of three calibration methods — Winkier Titration,
Saturated Water, and Air. Experience has shown that air calibration is quite
reliable, yet far simpler than the other two methods. The three methods are
described in the following paragraphs.

Winkler Titration
1. Draw a volume of water from a common source and carefully divide into four

samples. Determine the oxygen in three samples using the Winkler Titration
technique and average the three values. If one of the values differs from the
other 2 by more than 0.5 mg/l. discard that value and average the remaining
two.

2. Place the probe in the fourth sample and stir.

3. Switch to desired ing/I range and adjust the CALIBRATION control to the
averaye value determined in Step 1. Allow the probe to remain in the sample
lor at least two minutes before setlimj ilie calibration viilue. and leave in the
sample for an additional 2 minutes to verify stability. (Readjust if necessary).

Saturated Water

1. Air saturate a volume of water (300-500 cc) by aerating or stirring for at
least 15 minutes at a relatively constant temperature.
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2. Place the probe in the sample and stir. Switch to TEMPERATURE. Refer to
Calibration Table I for the mg/l value corresponding lo the temperature.

3. Determine l"cal altitude or the "true" atmospheric pressure (note that "true"
atmospheric pressure is as read on a barometer. Weather Bureau reporting of
atmospheric pressure is corrected to sea level). Using Calibration Table II
determine the correction (actor for your pressure or altitude.

4. Multiply the mg/l value from Table I by the correction factor from Table II to
determine the corrected calibration value for your conditions.
EXAMPLE: Assume temperature = 21°C and altitude = 1000 feet. From

Table I the calibration value for 21°C is 8.9 my/I. From Table II
the correction factor for 1000 feet is about 0.96. The corrected
calibration value is 8.9 mg/l X 0.96 = 8.54 mg/l.

5. Switch lo an appropriate mg/l range and adjust the CALIBRATE knob while
stirring until the meter reads the corrected calibration value from Step 4.
Leave the probe in llie sample for two minutes to verify calibration stability.
Readjust if necessary.

Air Calibration — Fresh Water

1. Place the probe in moist air. B.O.D. probes can be placed in partially filled
(50 ml) B.O.O. bottles. Other probes can be placed in the YSI 507 5A Calibra-
tion Chamber (refer to the following section describing CALIBRATION
CHAMBER) or the small calibration bottle (the one with the hole in the bot-
tom) along with a few drops of water. The probe can also be wrapped loosely
in a damp cloth taking care the cloth does not touch the membrane. Wait ap-
proximately 10 minutes for temperature stabilization. This may be done
simultaneously while the probe is stabilizing.

2. Switch to TEMPERATURE and read. Refer to Table I — Solubility of Oxygen
in Fresh Water, and determine calibration value.

3. Determine altitude or atmospheric correction factor using Table II.
4. Multiply ihe calibration value from Table I by the correction factor from Table

II.

EXAMPLE: Assume temperature = 21°C and altitude = 1000 feet. From
Table I the calibration value for 21°C is 8.9 mg/l From Table II
the correction factor for 1000 feet is about 0.96. Therefore, the
corrected calibration value is 8.9 mg/l X 0.96 = 8 54 mg/l.

5. Switch to the appropriate mg/l range and adjust the CALIBRATE knob until
the meter reads the corrected calibration value from Step 4. Wait two
minutes to verify calibration stability.
Readjust if necessary.

Air Calibration — Sea Water

1 Place the probe in moist air. B O O . probes can be placed m partially filled
(50 ml) B.O.D. bottles. Other probes can be placed m the YSI 5075A Calibra-
tion Chamber [refer to the following section describing Calibration Chamber)
or the small storage bottle Ithu one with the hole m the bottom) along with a
few drops of water. The probe can also be wrapped loosely m a damp cloth
taking care the cloth does not touch the membrane. Wail approximately 10
minutes for temperature stabilization. This may be done simultaneously
while the probe is polarizing



2. Switch to TEMPERATURE and read. Refer to Table III — Solubility of Ox-
ygen in Sea Water, and determine, calibration value.

3. Switch to the appropriate mg/l range, and adjust the CALIBRATE knob until
the meter reads the calibration value determined in Step 2. Wail 2 minutes to
verify calibration stability. Readjust if necessary.
The probe is now calibrated and should hold ihis calibration value (or many

measurements. Calibration can be disturbed by physical shock, touching the
membrane, or drying out of the electrolyte. Check calibration after each series of
measurements and in lime you will develop a realistic schedule lor recalibration.
For best results when not in use. follow the storage procedures recommended
for the various probes described under OXYGEN PROBES AND EQUIPMENT
This will reduce drying out and the need to change membranes.

Calibration Chamber
The YSI 5075A Calibration Chamber is an accessory that helps obtain op-

timum calibration in the field and is also a useful tool for measuring at shallow
depths (less than 4').

As shown in Figure (A), it consists of a 4-1 /2 foot stainless steel tube (1) at-
tached to the calibration chamber (2). the measuring ring (3), and two stoppers
(4) and (5).

For calibration, insert the solid stopper (4) in the bottom ol the calibration
chamber (2). Push the oxygen probe 16) through the hollow stopper (5) as
shown in Figure (B). Place the probe in the measuring ring. Figure (C). and im-
merse the probe in the sample to be measured for five minutes to thermally
equilibrate the probe. Quickly transfer the probe to the calibration chamber (5)
draining excess water from the chamber and shaking any excess droplets from

Figure C

Figure 9

the probe membrane. For maximum accuracy, wet the inside of the calibration
chamber with fresh water. This creates a 100% relative humidity environment
for calibration. Place the chamber in the sample for an additional live minutes
for final thermal equilibrium. Calibrate the probe as described in the air-
calibration procedure. Keep the handle above water at all times

Alter calibration, return the probe to the measurement ring lor shallow
measurements. Move the probe up and down, or horizontally, approximately one
foot a second while measuring. In rapidly flowing streams (greater than B'/sec-
ond) install the ptobe in the measuring ring with the pressure compensating
diaphragm towards the chamber.

IV. Dissolved Oxygen Measurement

With the instrument prepared for use and the probe calibrated, place the
probe in the sample to be measured and provide stirring.

1. Stirring for the YSI 5739 Probe can best be accomplished with a YSI sub-
mersible stirrer. If the submersible stirrer is not used, provide manual stirring
by raising and lowering the probe about 1 ft. per second. If the 5075 Calibra-
tion Chamber is used, the entire chamber may be moved up and down in the
water at -about 1 ft. per second.

2. The YSI 5720A has a built-in power driven siirrer

3. With the YSI 5750 sample stirring must be accomplished by other means
such as with the use of a magnetic stirring bar.

4. Allow sufficient time for probe to stabilize to sample temperature and dis-
solved oxygen.

5. Read dissolved oxygen.

V. High Sensitivity Membrane

Use of high sensitivity .0005" membranes (YSI 5776) in place of standard
.001" membrane (YSI 5775} is recommended when measurements are to be
made consistently at low temperatures (less than 15°C). Calibration and
readings will be made just as if the standard YSI 5775 Membrane was being
used.

The YSI 5776 High Sensitivity Membranes can also be used in certain
situations to increase sensitivity at temperatures about 15°C. The ranges thus
become 0-5 and 0-10 mg/l. When calibration with high sensitivity membranes
is attempted at temperatures greater than 15°C the selector switch must be set
to 0-20 mg/l. Multiply the calculated calibration value by 2. For example, at
21°C and 1000 ft. altitude the calibration value would be 8 6 x 2 or 17.2.
Remember the 0-1 0 and 0-20 mg/l ranges are now 0-5 and 0-10 nuj/l. and all
mg/l readings must be divided by 2 for a final reading When operating m this
manner accuracy will be doyraded slightly.
VI. Recorder Output

Red and black recorder jacks are provided on the YSI Models 54ARC and
54ABP. if you wish to record data while measuring. The high terminal of (he
recorder is connected to the red tip jack and the low terminal to the black. Out-
put of the YSI 54A at full scale is between 114 to 13G rnV.

Use a bOK or higher input impedance recorder and operate it with the ter-
minals ungrounded. The recorder should be operated with its terminals un-
grounded. Calibration of the instrument should bo checked after connection of



Many recorders have an adjustable full scale sensitivity feature. When these
recorders are used with the Model 54A. use the 100 millivolt range and adjust
the full scale chart deflection when thuie is lull scale meter deflection. Refer to
the instruction book for the recorder. For recorders without this feature, a simple
divider network as shown below can be constructed. This is adequate to adjust
the signal for full scale chart and meter deflection on the 100 mV fixed range
recorders.

VIII. Calibration Tabl« '9Ufe

Table I shows the amount of oxygen in rng/l that is dissolved in air saturated
fresh water at sea level (760 mmHg atmospheric pressure) as temperature
varies from 0° to 45°C.

Table I — Solubility of Oxygen in Fresh Water

Temperature
°C
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Source: Derived

mg/l Dissolved
Oxygen

14.60
14.19
13.81
13.44
13.09
12.75
12.43
12.12
11.83
11.55
11.27
11.01
10.76
10.52
10.29
10.07
9.85
9.65
9.45
9.26
9.07
8.90
8.72

from 15th Edition

Temperature
°C
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

mg/l Dissolved
Oxygen

8.56
8.40
824
8.09
7.95
7.81
7.67
7.54
7.41
7.28
716
705
693
6.82
6.71
6.61
6.51
6.41
6.31
6.22
6.13
6.04
595

"Standard Methods for the Examination of
Water and Wastewater."

Table II — Correction for Atmospheric Pressure

Table II shows the correction factor that should be used to coned the calibra-
tion value for the effects of atmospheric pressure or altitude. Find true at-
mospheric pressure in the left hand column and read across lo the right hand
column to determine the correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the local
altitude may be substituted. Select the altitude in the center column and read
across to the right hand column for the correction factor.

Table II

Atmospheric Pressure. , or
mmHg

775
760
745
730
714
699
684
669
654
638
623
608
593
578
562
547
532
517
502

Equivalent Altitude
Ft.

540
0

542
1094
1688
2274
2864
3466
4082
4756
5403
6065
6744
7440
8204
8939
9694

10472
11273

_ Correction
Factor

1 02
1.00
.98
96
94
92
90
.88
86
84
82
.80
78
76
.74
72
7O
68
66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Wastewater."



The temperature-solubility relationship of oxygen in sea water is not the same
as that in fresh water. For this reason the compensation error when used with
sea water is greater than when used with fresh water. For a ± 5°C span the error
could be +2.2% of reading and over the temperature range of -2" to +30°C the
error could be 6.3% of reading.

Table III — Solubility df Oxygen in Sea Water

SOLUBILITY OF OXYGEN IN SEA WATER
(Chloride concentration 20,000 mg/1)

Temp.
°C

O
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Solubility
mg/l

11 41
11.11
10.83
10.56
10.30
10.05
9.82
9.59
9.37
9.16
8.96
8.77
8.58
8.41
8.24
8.07

Temp.
°C
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Solubility
mg/l
7.91
7.78
7.61
7.47
7.33
7.20
7.07
6.95
6.83
6.71
6.60
6.49
6.38
6.28
6 18

Correcting for Salimty

Whun measuring dissolved oxygen in water samples with a salinity or
chlonntly between sea water and (resh water, calibrate the instrument for fresh
water and make your measurements. Then correct the data according to the
following formula

FORMULA:
tCs/Co[5f -So] )

A = M[ l .0- l Sf )1

Where: A = Actual DO of sample. (mg/| dissolved Oi)
M = Measured DO with instrument

'Co = Chlonnity of ocean water (20 o/oo Cl ion)
' Cs = Chlorinity of sample (o/oo Cl ion)

Sf = DO of saturated fresh water at 760 mm pressure and at
same temperotuic as sample (my/I DO. obtain data from
charts in instruction manual)

So = DO of saturated ocean water (20.000 mg/l Chloride ion)
at 760 mm pressute and at same temperature as sample
(mg/l DO. obtain data from instruction manual)
If salinity cs used instead of chlonnity the ratio Cs/Cb
is computed using 36.11 o/oo for Co (salinity of
ocean water), and the salinity of your sample of Cs.
Muusti'ed Data
4 1

EXAMPLE
DO

Temp
Salinity

Source: Derived from 15th Edition "Standard Materials (or the Examination of
Water and Wastewater."

31 o/oo salinity
M = 4.1 mg/l DO Itom data

Co = 36.11 o/oo salinity from manual
Cs = 3 1 0 o/oo salmily from data
Sf = 8.8 mg/l DO Irom Table I in manual
So = 7.1 mg/l DO from Table II in manual

(131.0/36 11] [8.8 - 7.1))
A = 4.1 [1.0- I ————— (HP ——————— )]

= 4.1 [1.0
(I 86] [1.7])
( 88 )]
[1 46)

= 4 1 [ 1 0 - { 8.8)1
= 4.1 [1.0- 0.166]
= 4.1 [0834]
= 3.41 mg/l



DISCUSSION OF MEASUREMENT ERRORS

There are three basic types of errors which can occur. Type I errors are related
to limitations of the instrument design and tolerances of the instrument com-
ponents. These are chiefly the meter linearity and resistor tolerances. Type II
errors are due to basic probe accuracy tolerances, chiefly background signal.
probe linearity, and variations in membrane temperature coefficient. Type III
errors are related to the operator's ability to determine the conditions at the time
of calibration. If calibration is performed against more accurately known con'
ditions. Type 111 errors are appropriately reduced.

Individual Sources of Error

This description of sources of error can be used to attach a confidence to any
particular reading of dissolved oxygen. The particular example given is for a near
extreme set of conditions. As a generality, overall error is diminished when the
probe and instrument are calibrated under conditions of temperature and dis-
solved oxygen which closely match the sample temperature and dissolved ox-
ygen.

Type I
A — is the error due to meter linearity

Error = -f 1% full scale of the measurement range.
B — is the error due to tolerances in the instrument when transferring a

reading from one range to another. Error = ± 1% of the reading.

Type II
A — errors due to probe background current

/ Meter Reading mg/l
Error = 1.0% (1 -\ Calibration Value mg/l ,

B — errors due to probe non-linearity. Error = ± 0.3% of reading.
C — error caused by variability in the probe membrane temperature coef-

ficient.
Error = zero if readings are taken at the calibration temperature
Error - ± 1% of meter reading if readings are taken within 5°C of the
calibration temperature.
Error — ± 3% of meter reading for all other conditions.

Type III
A — errors due to the accuiacy of the instrument thermometer when used to

measure the exact probe temperature during calibration.
Error = ± 1.5% of reading.

B — errors due to the assumption of mean barometric pressure.
Daily variation is usually less than 1.7%.
Error - ± 1.7% of reading.

C — errors assume an ability to estimate altitude to within +500 ft. when com-
puting the altitude correction factor.
Error = ± 1.8% of reading.

errors consider the possibilily of only 50% relative humidity when
calibrating the probe If the actual relative humidity is 50% instead of
100U» ihe errors will be as follows:

| x Calib. Value, mg/l

Calibration Temperature ± C Error in percent of reading

0
10
20
30
40

(•) 03
I-) 0.6
(-) 1 15
(-1 211
(•I 360

Example of a Typical Enor Calculation

The example given presumes Hie air calibiiition technique II calibration is
done with mr saturated water, the relative humidity consideration (lil-D) is
olimii.oled II the Winklci calibration method is used. Type III errors are deleted
and replaced by the unceitainty otlnbulable to the overall Wmklcr determination

Data Instrument calibrated at 25°C. elevation estimated at 2000' ± 500'.
normal barometric pressure assumed, calibrated on 0-10 mg/l range at
7.8 mg/l. readings taken on 0-20 mg/l range at 10.5 mg/l at 8°C

Type Description

IA
IB

IIA
MB
IIC
IIIA
1MB
IMC
HID

Linearity
Range Change

Probe Background
Probe Linearity
Temp. Compensation
Temp. Measurement
Pressure
Altitude
R.H.

Calculations

= 01 X 10.5 mg/l
= .01X1 0.5 mg/l

01 X\1 - 7.8/7. 8 mg/l =
= 003 X 10.5 mg/l
= 03 X 10. 5 mg/l
= .015X 10. 5 mg/l =
= .01 7 X 10 5 mg/l
= .18 X 10.5 mg/l
= 016 X 10.5 mg/l

Maximum Possible Error =
Probable Error =

Error mg/l

10
10

03
03
31
16

.18
19
17

1 2 7 my/I
± 63 mg/l

Considering a statistical treatment of the probable error at any lime for any
instrument, it is likely that the actual error in any measurement will be about
1/2 of the possible error In this case the probable error is about ± 5 my/1 out
of a reading of 10.5 mg/l. or 4 8% of the reading

INSTRUMENT BATTERIES
Battery replacement or recharging on the YSI Model 54A is indicated if the

"red line" adjustment cannot be made or Oa calibration cannot be achieved.
(Warning: a faulty probe will also not permit 02 calibration.}

To replace batteries remove the four screws holding the rear covef of the in-
strument. The four batteries will be found on the battery terminal board inside.
CAUTION: disconnect battery charger on YSI Model 54ARC before removing
cover.



Figure 11

The YSI Model 54ARC contains four 1.25V Ni-Cd batteries (Burgess CD6 or
equivalent). (See Figure 11). These batteries should be recharged when the in-
strument can no longer be red lined. Battery life should be three years or longer.
Deeper discharge because of longer intervals between recharge will result in
shorter battery life. The batteries should be recharged overnight, about 16 hours
with the instrument off or 20 hours with the YSI Model 54ARC turned on.

The YSI Model 54ABP contains four 1.5V carbon-zinc (Panasonic UM-2N or
equivalent). The life of these batteries is 1000 hours. Replace batteries every six
months to minimize danger of corrosion due to dead or leaky batteries.

Battery holders are color coded. Positive (+ button) end of battery must go to
red. (See Figure 11).

WARRANTY AND REPAIR

All YSI products carry a one-year warranty on workmanship and parts exclu-
sive of batteries. Damage through accident, misuse, or tampering will be re-
paired at a nominal charge, if possible, when the item is returned to the factory
or to an authorized YSI dealer.

If you are experiencing difficulty with any YSI product, it may bo returned for
repair, even if the warranty has expired. YSI maintains complete facilities (or
prompt servicing for all YSI products.

YELLOW SPRINGS INSTRUMENT CO., INC.
SERVICE DEPARTMENT
P.O. BOX 279
YELLOW SPRINGS. OHIO 45387. U.S.A.

PHONE: 513-767-7241



APPENDIX G-4

REDUCTION/OXIDATION (REDOX) POTENTIAL



FIELD MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL

Method: Electrometric

Reference: Beckman Instruments, 1987

Sensitivity: 1 mV

Optimum Range: -999.9 mV to + 999.9 mV

Sample Handling: Determine on-site or within 4 hours

Reagents and Apparatus:

1. pH meter in absolute millivolt mode,

2. Platinum combination electrodes,

3. Beakers or plastic cups,

4. Certified pH buffer solutions, pH 4 and 7 saturated with a few crystals of
quinhydrone,

5. Deionized water in squirt bottle.

6. All glassware soap and water washed, followed by two hot water rinses and two
deionized water rinses.

Calibration:

1. Short the meter glass and reference inputs, and adjust the STANDARDIZE control
until zero millivolts is displayed.

2. Place electrode in pH 4 buffer solution saturated with quinhydrone.

Redoi-1



3. Record mV reading and compare to chart on Table 1.

4. Rinse electrode with deionized water and place in pH 7 buffer solution saturated with
quinhydrone.

5. Record mV reading and compare to chart on Table 1.

6. If mV readings do not agree within ± 10 mV of the Table 1 values at the given
temperature, follow electrode maintenance procedures described in the attached
manual and recalibrate.

Procedure:

1. Calibrate meter using calibration procedure.

2. Pour the sample into a cleaner beaker or plastic cup.

3. Immerse electrode in solution allowing several minutes for meter to stabilize. Make
sure the white AgCl junction on side of electrode is in the solution. The level of
electrode solution must be approximately one inch above sample to be measured.

4. Rinse electrode with deionized water between samples. Recheck calibration with pH
4 buffer solution saturated with quinhydrone after every 5 samples.

Notes:

1. Eh is temperature and pH dependent. Therefore, the temperature and pH of
samples should be measured at the same time as redox. For refrigerated or cool
samples, use refrigerated buffers to calibrate meter.

2. Weak organic and inorganic salts and oil and grease are interferences in Eh
measurements. If oil and grease are visible, note on data sheet. Clean electrode with
soap and water, polish with scouring powder and rinse with distilled water. Then
recalibrate meter.

Redox-2



3. Before going into the field:

a. Report any problems;
b. Do a quick calibration with quinhydrone saturated pH buffer solution to check

electrode;
c. Prepare fresh quinhydrone saturated pH 4 and pH 7 solutions daily.

4. Following field measurements:

a. Report any problems;
b. Compare with previous data;
c. Clean all dirt off of meter and inside case;
d. Store electrode as follows;

1) Slide rubber sleeve into position over the filling hole.
2) Place cot over tip of electrode by threading platinum wire through opening

and sliding cot onto glass body until porous plug is completely covered.

JDD/jkk/CAW
[wpmisc-600-39]
60776.05
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Table 1
Redox Potential Calibration Chart

Qulnhydrone Saturated pH 4 Solution

Temperature °C 20° 25° 30°

Theoretical Value (raV) +268 mV +263 mV +258 mV

Qulnhydrone Saturated pH 7 Solution

Temperature °C 20* 25° 30"

Theoretical Value (mV) +92 mV +86 mV +79 mV

Instrument reading should be within ± 10 mV of Theoretical

[wpmlsc-400-12]
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FOR MORE DETAILED INSTRUCTIONS ON pH MEASUREMENT. SEE NEXT PAGE.

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS



pH MEASUREMENT: DETAILED INSTRUCTIONS

METHODS; The pHI ia 11. tnd 12 can meuure pH Prom 0 to 15.99. They »J p*rtorm on*- or rwo-
point K*nd a/dilation li/(ci7UDcaJ)y, uiinfl t/ry buffer toed be lew. I) try lemperalun
between -S'C and 100'C

STANDARD pH BUFFERS RECOGNIZED BY THE pHl 10, 11, AND 12:

1M 400, TOO, 1001. 12.̂ 1

TWO-POINT STANDARDIZATION METHOD:

Two-point standardiaiion, tfie preferred and more accurate method 0* pH measuremea.
inould be uied when pH accuracy Of beyond iOI pM a retired. Use bu"erj u clcse
to IH« sample pH u poufe'r ont aOOv*. and «i. b*lw*. (Far uampl*. il «mpt» pH 4
about &5. ui« 7JX and 1001 pH buffi fi).

ONE-POINT STANDARDIZATION METHOD:

On*-poifH flandtrtteJtion, • wm«wli*t ta4Ur pnx*dur«. it r*c:mm«nd»d only if (a).
accuracy of i 01 pH unit • aecvpufila. and (b). tamplt pH it . <V\m 1i pH erf Ifui o* ^*
bufltr u*»d tor itandaraizBion.

pH MEASUREMENT PROCEDURE:

1. Connect •l»cirod*(i) D apprepnata inputfi):
*. Ha comflMCtfon ***arx* b u>«d. connKt H to the input marlud "pH".
t ttifi •MdroA p*yir I* uMd. connect tht Indicating il«e.-od« to iht input markM

•pH" and tnt r»(»ftnc» •laclroda to tha input m*rt*tf *REf.
C. For b«t«r accuracy, or wh«n mt Muring and/or itinearCizing af a :imp*ratur* cf

0(n«r than 2S*C connect a Bcclunan 598115 Automitc Tamp«r»rur*
Comp«ruatof probt to input marlwd "ATC".

2. Pnu L^J to turn on innnjrrwnt, ttitn prtu CT) to d«tr. CiwUy wM inow (Clf, AI/TT ].

& Rim* •iKtrod î) (and ATC if ui«d) with dfl«nu«d waiK 6 XX net ia.

Imm.rt. •l*ctn>d«(*) (and ATC if UMd) in firs ittndant. Stir briefly wttfl il̂ roC.j •«
nmov« bubblti from •leciroda lurfac**. Pnu (^}. Diiprty^d pH vilue wiB hav« a
Miolulion ol 001. B 01 rtjotution a desired. p

& Prin Q^, Whtn |<» ] ttopf flashing. di*0lay wit inow [pH value locked.

) (and ATC probe if uaed) with deionizM water. Blot *xce». Procter
to appropriala Hep, according to desired typ* of itanda/Cluiion:

a . If ONE-POINT nandardizatfen ii to be used. Initrumera a ready tor sample
meajuremenl; proceed to Slep 9.

b. It TWO-POINT ftandardizaUon 1§ desired, proceed a Sup 7.

7. Immerje eledrodefs) (and ATC if used] In leoond standard. Stir briefly with eleerotf u
to remove bubbles from electrode surfaces, press IS^l- When [«*>) stops nuhin .̂
diiplay will show [pH vfjue locked, <M>, > n. > w»l

a RJnse ilectfoCXs}, (and ATC probe if u*ed) with deionued walec Blot excess.

9. bntnerse electrcde(i) (and ATC if u*ed) in sample. Slir brefly with Kecvodcs. P;»a
QiT). When [CE>] stops naihing, display win ihow [pH value locked. «> ].
MeaiuremerK b no* complete. Repeat Steps 8 and 9. aXve. lor addriional i»m;it t.

KL If continuous pH monitoring a desired, preu fyS]re rum off Auto fleid function.

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS



1+* pHI 10/11/13 pH M
tranalat*! T«fUg« and t

* -!9 mV p«r pH

pH MEASUREMENT: PRINCIPLES AND THEORY

HntUfrjr i hlglvimp«danc* voltmcltr wrlfi * irueix

is*, wim 700 ?H - OmV.

StJndirdlutlon atlow* th« m«t»f 10 cwnptriutt Far norv4dnl tlvctred* cfl«nc;i
point sundardiiattofi oomptruiwi tor nulivon oficl; two-point $lind»/aiui:on camptr
millnoA ofhti md ilop« dmaiien. S*» il*5r»m EM(OW.

Idttl ind Ac-.ua Eltc:rod« Rtspons* Comp»ied

Tht pH110.11, md 12 m«y b« itandirdliid with *ny of R« lUndinl pH Buffcra: 1.11, 4.00, T.CO,
10.01. ind 11.45. Standirciiuion miy t« »c=smpliihtfl with any Iwo buf!*a ultd in any ordtr (and u
any l«mp«r«!uri; it ATCi* ui»d). WhinQ î* prtiicd. th» instrumant luttmaiiolly rtcognuts til* buf!«t

Th« nlationihip l*rw«»n pH and <l*cro£i wUg> Changn will) ttmpcWuni. For priciii pH
mtliurtmino or ump«ralurat no( C!QM to 2S*C • Btckman S9811S ATC (Automatic T«np«riiuni
ComptnMtoO prnD* inould b* u*«d. Wui ih>» protn. tn« irutrum«nt *uttmii*uty comp«niai*t tor ?•*
Ump«raiur« ehanclirUtici ol th« tuff*'. p«rmtnirtq a lampt* to b» nuuurM at any ttmpcratur*. flvin
H diflirtnt from tht bvfl«r umpcrtiurts. Wim ATC, tn« inttrum«nt m«uurn »JxJ diiplayi timpvraturu
(rom -S*C to 100-C

II an ATC probe it not uitd. tht initrunvnt tf«f»ulU and display* 25*C

Th« pH calculation la based on Uw Ntmit tquallon:

• ne " ̂
£ is tht loUl potential, in millivolts. dMtoptd bttwvtn tht ttnaing and nlirtnct tltctroc1*!: f, vanci
with UM choict o* tltctrotfts, Itmptraturt, and pr«iurt; 2Jfl7*̂  it tht Ntnit lacor (A and f art
constants, n it tht Cha/t* on Iht ion, induding ii<;n, T is tht ttmptraiurt in £•;'••> Kalvin). and I, a
tht activity ol Iht ion to which tht tltcvoC* « rtspondlng.

For (unhtr inlofmalion on principal and theory ol pH mtasurtmtnl. rtl»r 10 TTi* B*cl<man HanC^cc*
Ol Appfitd EltCfochtminry (B*ckman BvRatin 7739).

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION ($>12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
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FOR ACCURATE mV MEASUREMENTS WITH THE »11 OR $12, THE
FOLLOWING ITEMS ARE RECOMMENDED:

pH ifldiCllinQ fl*C?OC«. FutUfl II.
Futun II cafil* onn SNC rann«c-jr.
NOTE: If combliutlon pM «l*e--txr» a u»*d.

orrul Jtpvct nr«rtnc> *l*ClrrxJ*
(il«m 2. t

MvUltlc tltcuod* wnn 2 mm pin cortntcor .
pln-te-SNC idipiar.

Ien-S«l*etlv« tltc.fi i wrtn BMC eonntCJX
(or U.S. tundvd cc^ntcMr * U 5. tundvc-
to-BNC adaptor).

2.
PUftrtnct ttocuoC*. Futurt tl.
Cabli with 3 mm pin unn«c!or, Futun 11.
NOTE: OmftrartrvACitltetrodtifcorrAlnitJe

pHi

0 Slindird iohjtion(i) tppropriai* to lh«
•ppfication.

4. .

H
5. p

6.

7.

a
£• Q
A °" [X?)

f&>\
&

r ^j SAMPLE

C«in b«*Jur(>) or tqvrrtltnt ecnuin«ri».
100-JSO tnL, tot ccreiining lUntfird
•olullorXi).

Squirt bonlt Or btifer confining tfeioniud oc
dlstiUcd w«»r tor riming iltcirodtt.

Cl«an tow«t*. ~)Grwp«tn'~ fit. tor btotur-g
•(•ctrotin.

Th« iimpl« to b« mcuurttf.

For pat numMra. i«« ~Et«cirod«i. Butltn, and >k
For mV miajgrtmant proctdurvi. s*« ncil pig*.

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES
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BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING
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STANDARD

Pftpir* lundard solution.

Conn id tlKtrodti 10 irutrumant.

© ^V

W

M. mV MEASUREMENT, ABSOLUTE. FOR RELATIVE mV MEASUREMENT,
SEE III, BELOW.

Rinse •(•ctrodttS).
Blot txciu H,Q

@ Jt-T-i

Immari* *)«cnxii<i) in
itandam or nmpl«. Sti

For RELATIVE mV Measurement,
Proceed with following steps:

III. mV MEASUREMENT, RELATIVE

RidM ElKtrodM.
BMnciu.

Rinit ritCUOdM.

lmm*na •L*ctrod« in
standard solution lo be
UMd to •nabfeh ztra
mV poirt. Sttf britfly.

[BOj5""^
Immtrs* t(•Credts in

© IQI
H

flashing, display
wiO r»«d 000.0 .-nV

RELmV

® Afltr <V »ep>
Ituni

NOTE
INSTRUMENT WILL REMAIN IN RELATIVE mV MODE UNTIL

EITHERQ. @, OR [TJIS PRESSED.

FOR MORE DETAILED INSTRUCTIONS ON mV MEASUREMENT. PSOCESO TO NEXT PAGH.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



mV MEASUREMENT: DETAILED INSTRUCTIONS

mV MEASUREMENT: TYPICAL USES

Son* UMC ol the mV mod* are monitoring ch«mk*l reactions, quantifying Ion*, snd determining
the oxJdtzIng-reducIng polenUel (GAP) at i giv«n sample, Because JuO measurements ir» usuitfy
not specific tor i particular ion or ipeces, readings must be interpreted cartMly to obtain meaningful
result*. The user should have an understanding ol the reaction ihel if occurmg. or it desired, tnd ot
any sample components that could potemiaffy interfere. For more detailed informaLon, refer » tr* Beck/nan
Handbook ol Applied Electrochemistry (8*Oun*n BulMfl 7739).

b« ut*d

STANDARD SO OHIO N (5)

Wilt* up ipproprlilt tUndtrt to!utlon(f) to prtwld* known volUgi(i), dt ptndlng o
•l«C1rod« uitd and Ui» tampcnitun. For namp[«. common tiandanli used in r*dot m
•/• pH 4 and pH 7 buffm uiurilM w<m quinnydronc

mV MEASUREMENT PROCEDURE

1. Connect ttvctrodti to •ppropriiii inputs:
«. Connect Indciting ttocrai to input martwd "pH", A PirvtO-BNC Master may b< requited

moit metallic tlecrodti have a pin eannectoc
6. Connect reference electrode to input marked "REF".

2. Pf**«f(p 1" >urn on instrument, then preu f* 3 to Cle V. Display wifl the** [ Or, AUTO |.
1 Rinse electrodes with deioniied wetec. Bin excess.
4. bnmene electrodes in desired iclution. Prew [j»J . Displayed value la iflc/ute mV. u

by display of [ * J. When [ <» | nope flashing, display w* ahow [ mV reading locked. <«>

RtLnrve mv MEASUREMENT PROCEDURE
1. Perform Slepa 1 through 3 of mV MEASUREMENT PROCEDURE, above

2. ImnMnetledrodes in standard solution to t» used to esttblian the lero mV port. Press Q.
then (_£_). When t <•> | stops flashing. 0"api*y wiB read [ 0000 mV ]. Note mat. In mV moceT
pressing fP"] causes the instrument to establish the »ro mV point at the veiue ol the current
reading, tf desind. tha step may be repealed at any time to re-establish the an mV point.

1 Rinse electrodes with deioniied wtietflkK excess.

4. Immerse electrodes in sample. Press Q- Displayed value b /t/ain« mV u indicated by display
ol [ REL^nV j. when [<x> | stops flashing. 6»pl«y w« snow [sample relairve mV vaKte tochMJ.
<f> ]. Absolute mV reading st tt\t sundard solution ie iutoniticAty sucti«c!ed from the absolute

mV reading of the sample, reiufting in a relative mV reading br the samp1*-

1 H continuoui readout of relative mV b desired, press (OT) to turn oil Auto Read function.

VOLTAGE DIFFERENCE BETWEEN STANDARD
SOLUTION AND SAMPLE MUST NOT EXCEED 1000 mV.
MAXIMUM DISPLAY RANGE IN mV MOOE IS i Stl.l mV.

NOTE

IN mV MOOE, THE 5)1113 AUTOMATIC TEMPERATURE
COMPENSATOR PflOBE MAT BE USED FOR
TEMPERATURE MEASUREMENT AND DISPLAY, BUT
DOES MOT HAVE ANY T
EFFECT.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AMD TROUBLESHOOTING



FOR ACCURATE CONCENTHATION MEASUREMENTS WITH THE +12,
THE FOLLOWING ITEMS ARE RECOMMENDED:

1. =

c
2. <3=

o.

_. — . —— J ton-S«r*etNe ti*c/oC» witn BNC conntcct

- '•'*8^- — -N lon-$«lectlvt (Jtcvotf i with U S. standard

Rt ftrtnce tleero<:«. Futura II.

SSmJT ̂ *^ "̂~x Fulura II cable with 2 mm pin esnnteoi
/" " NOTE: Depending on ihe application, a salt-

Ti*o standard wluticns ol apprcpriatt
^._ __, concentration, selecttd trom tne following

r*7i r*rj niuei: uxx 2^a ica 10.00. 250, sao. tooa
lra ' 1 tt, ' 2SOA 50a and 1000 uniu. Concemration can
i 1 1 i b« expressed in »ry itiirtd uni'i such as

. __ J \. _ } ppm. mM. mg/v, anfi aî al.
Make up these sclutiens ptr procidure or Sy
diluting a «ock scluiicn 10 suit your re^uirer «-fl.

NOTE
CONCENTRATION UNITS FOR BOTH STANDARD

SAMPLE READINGS.

4. g

C l'̂ >1

H,O OR

6. ^

, g

@ Two clean Beakers w «uivjleni centainefs.
approximately 100-2*0 mL. tor containing Lit
two standard solutions.

@ Squirt bonlf or tttJtti containing dtcrujtd or
disnfled waiir (or rinsing tleciioCei.

O» Clean towtls. TCirwip »j*"". «!c.. tor blonmg
^J elecirodas.

ejyp^e Tf" **mPlt to 6* ifitajurtd.

C*!. BuKtrs. and Acctwo(i«i.~
ni procatfura. ft* n«u paga.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



©

Prapar* ftindftttl solutions, (•.g.. 100
and tO-00 uruti).

© ®

e&:ll*d waiar lor altered*

Coiuitd tlKltodM to uummMnt

©

Turn on ind d*v
ln*tfum*nt

©

n. STANDARDIZE

.
i H,O.

©

lmm«r»» tltcirodf i In
Standard 1. Stir briefly.

© ©

Sltndard 2. Stir briidy.

©

display ir
Sundard 2 Valvt.
9.9., 1QJ»

) Wt!»n «>
mining. p

HI. MEASURE CONCENTRATION

©

lmm*rs« «ltfff«)«* in
umpl«. Stir bntfly.

FOR MORE DETAILED INSTRUCTIONS ON CONCENTRATION MEASUREMENT PROCEED TO
NEXT PAGE.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



'̂ ffiSiSv^

Th« toOowma. procedure, uuJiiioo, f*
ions HI almo*i irrf destrefl units.

STANDARD SOLUTIONS:

Standards e«n be mid* Iron any type of solution, with concentrations kefected from the
following vtluee: 1JX), JJO, 100. 10.00, 3S.lt, SaO, 100.0, 290.0, SCO, snd 1000 unit*.

Unitj of concentration may be any Uitt tt* user (btdi convenient CONCENTRATION UNITS FOR
BOTH STANDARD SOLUTIONS MUST BC THE SAME AS DESIRED FOR SAMPLE READINGS.

Some examples of units are: pans per million. percent, moles per Gut pans per billion.
milGequivtJenU per tier, md ounces per gallon.

Select two standard vilutt M C!OM t* possible la the anticipated sample value, preferably
wKhora «undwd vmlut b«low ind en« tfendirf vmlu« ibew tht tunplc fv tunpk * »«mplt ioi*.-x
b ibout 150 miOimd<i p«r M»i (mM). m*k* up lUndudi of 100 mM and 2» mM. K umplo
conctntntion win wiCtly, tor txanipla, b«f***n 10 molaJ and 79 molal. m«x« up mntiardi o/
10 motal *nd 100 <rwl«l.

SUndirfi and I
variation! in readings.

j tnouU t* U i sam« timpcnturt » *void Ump«ritur«-d«p«r,dint

Standard and lampM tohitioni may mquin km* stnnf-"
adjutimcni of inarttrtng ion removal. Coruuf! •laorc î
InitnjCtioni (or df tai*.

CONCENTRATION MEASUREMENT PROCEDURE:

I. Connect tlictrodti to appropritt* inpua:
a. ConnM ion-ialtctlv» •!€««• to input marked TSE".
b. Connect rirerenct iiacvoda » input marked "REF*.

NOTE

H. in addition W the ion-ieltctive electrode, a co
pH electrode is connected 10 the inttrumeM AND •» to tt
immtned in the lame solution. DO NOT me i uparaia
reference electrode.

W dear. Otiplty will anew [ Cli. AUTO ].2. PreuQ^Qto tun on inatrum*nt. Ihen prei)

1 Rime electnxlM wiin dckmiied water. Slot eiceis.

4. Immene electrodes in rtra nandard tohjtion. Prau ̂ j. then pren [j.'JMminv lime* u nttet*
tor the concentration value of the firH Standard to show on the display. Wrienffaj a pnuid r»c*i:K .̂
tne display iteps trough the Eoltcwino. values: IIXL 250, S.OO. 10. K. SO. KOTZfa SCO. and 1CCC
concvntration units. For example, if th» concentration of the standard is TOO units. p'»»in^)i^«i
times and the display wiH snow [ KM L When [ <a> ] slops flashing. cispUy will mew [ tCOioc<»d.<» . > i.\.

5. Rime electrodes with deioniied waar. Blot iicu*.

6. Imrnerse flectrodti in second standard solution. The first and secsnd standards must be d'Mffi,
bul can be measured in any ortiet, Press [$[) as many Qmei as ntKtd fo> the diip'iy lo mew •_".»
concentraiion value of the second standard, e.g.. 25a When [ <x> ] steps flashing, display will i.icw
| ISO locked. <z> . >• A).

7. Rinse electrodes "'Ui deioniied water. Blot iiciss.

a Imfflerse tltc!rodes in umple. PrttsfSt). When [OD | stops flasnino.. display will show [ SIT;,«
value locked. <•> ]. Measunment is now complete. Repeat Stt;s 7 and a. a^cve. lor »c;;r-cr.»l
samples.

9. H continuous concir \ readout is desired, press fi » turn otf Auio Read func::oi

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE



ELECTRODE CONNECTIONS

CONCENTRATION
ELECTaCCE. SENSOR.
8NC-TYPE P/NSM115
CONNECTOR

ELECTROO6.
2 mm PIN
CONNECTOR.
DO NOT USE If
COMBINATION
ELECTRODE IS
ALSO USED.

DISPLAY FEATURES AND STATUS INDICATORS
DISPLAY
UMI Tha targa digit* show tMa fcftowing:
D-wny 1. Raadout ef tha measurtd v*riaole: pH, mV, or concentration,

2. [C>r| i* display** indicaiing lhat instrument it Cleared, whan (jT) is prasMd.
1 Error message:

(ErJ indicatas m excessive. potantiaJty damaging, input vo«ac,». lyp«atfy caused Sy
sttBc alacviciry whan if* electrode pair ia no in sotubon. In it,* caM. immerse
electrodes in solution. prau(T). and procaad with measurement It [£>] again
appears, crteek connections anfl alactradas tor posaio'a op«n circuit.

&r̂ *UTht small digits display tamp«r«ura in *C- Will f»»d 25*C K ATC not plugged in.
PC)

AUTO AUTO READ ON/OFF Indicator tor AUTO READ ON/OFF Kty. dasC"b*d lubstquantiy.
AUTO READ Statu* Indicator (ty* symbol). Funoionj during sundareiaiion and whan

*** bdnjmant • in AUTO mod*. During i«/KrtA»atfon. tha ey« lymcol stars flashing
whan C2Da pr'ssad. and tocits on whan tha nading has sU&iflzad. During »*mp/« tnttturt-
mtnt in AUTO moda. the aye symbet ftans flashing whan a meda key is pressed, and locks :n
whan the reading has stabilized. Tha reading remains tockad unU a motfe k«y is pressed. It an
Interval of appnjximatery 30 minules a'apses without a kty txino. prassed. the inatrumeni turn
OH automatically to consarva tr,a batteries, but ratlins aft iundardi»:ion data in memory

STATUS INDICATORS
^ Indicates that ATC is plugged in. The instrument maasuras and display! ;emperaiure within ;,"»
CZ ran«a of -S*C and 100*C 0«a'ay of {ErJ indicates that the temperature lensed D ouisiCe tra

measurtmertf range, or the ATC is nonfunctional.
rtp î Indicates that ATC is not plusjad in. Tha tamparatura reading dtfault* 10 !5*C.

'jj Indicate! that instrumani it in pH mode.

* Ind^aiei thai initrumam

"L-'1* Indicate! that instrument

<^ie Indicates lhat instrument is in concentration moda. *I2 only.
, InOKaief that on* standard has been used to standardize (or tha lelecec* measurement moda

^ ra (PH or CONQ.
>. i Indicates tha two standards have been used to standardize tor tha salec-.ad measurement modi

na (pH or CONQ.

*j, InC'xatai a cjuestionabla alectroda arteW standardization.

T Indicaiai thai banertes should ba replaced.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

untisinmVmodt. "|

^ani ii in raiatlv* mV mod*. J
+n and +12 only





GU*a Body Ag/AoCl. Refiilabie
Glau Body Calomel. Reroute
Epory Body Calomel. Rentable
Epoay Body AcUgCl, Refutable
Epory Body Ac>AgCl. G.I FOled
Epoiy Body. Slar Ac^AgC! Reft liable
Glass Body. Star A^JAgCi Ri fills We
Rat Buffi, Epoxy Body

ELECTRODE PAIRS:
pH INDICATING ELECTRODES:

0-14 pH, Spnaixal BJb 39314
0-11 pH, Dome Bulb {Curtile) 39316

REFERENCE ELECTRODES:
Calomel Hart Cel. Quartz Fiber Junction
Calomel Halt Cel. Ceramic Frit Junction
AgMfCI Half CeP. Guam Fiber Junction
Catomei Half Cefl. Sleeve Double Junction
Calomel Half Cel, Inverted Sleeve Junction
AgOgCI Half Cea. Inverted Sleeve Junction

39520
39527
39*31
39631
39836
34*37
39524
39523

39521 39*22
3SS2S 39I2S. 39S2S (?•)
- 39*39

39833 39*35
39632 39*34

METALLIC ELECTRODES.
S*»r giHel 3S<«1
Platinum inlay KZTS

39416
39*17
39418
39419
39*20
39421

2. FUTURA II KEEPER CABLES
COMBINATION AND INDICATING

ELECTRODE CABLES
1m, BNC Connector 577571
2m, BNC Connector 597*79
6m, BNCConnecor 597*eo

3. SALT BRIDGE: 563853

REFERENCE ELECTRODE
KEE.^ER CABLES

1m, 2mm Pin Connector 596982
2m, 2mm Pin Connecar 598963
0m, 2mm P<n Connecor S989W

4. SUBMERSIBLE COMBINATION pH ELECTRODE WITH ATC: 39530

5. AUTOMATIC TEMPERATURE COMPENSATOR, 598115:
Permits tampcraiurt measurement and dUplay. and lempenture
compenaaiion 0< pH and bn-tetectivt elecbodei, within range of -S*C a
100*C Epoxy body. For use wrth iiandird S-ioeh (13-em) electrodei.
Inctudei 39* (1 meiir) cable wrth miniature phcne jack.

6. ELECTRODE ADAPTORS:

1933*7 PIN to BNC Adaptor

7. BUFFERS

pH 4 Buffer (red)
pH 7 Buffer (green)
pft 10 Buffer (blue)
pH 12.45

8. FILLING SOLUTIONS
Description

Adapt! Glass Electrode (GE) BNC terminal on
pHl Series pH Meten » accommodate
electrodes with U.S. Standard Connectors.

Adapts Glass Electrode (GE) BNC terminal en
pHl Seriee pH Meien » aceammodvt
electrodes with PiN Ccnnecton.
typically used to connect metallic •l*c:roc'ts-

*Psch Powder
of Pints 1 Gallon 5 Gallons (Colorfeu)
562517 5S6001 589S22 3COi
562521 ESCOQ3 522S23 3C07
S62S2S SE6C05 !JZS2< 3019

XiO

Part No.
4-pack ol ICO mL S6&47

iriicnpiion uuin
Comoinaiion Electrode Filling Solution or Ag/AgCI Reference *•;«
Electrode FdTmg Solution (*M KCUAgCI 11 turned: U be used bc::!e
wrtd Ag/AgO internals)
Reference Electrode Filling Sclution (saturated KC! to be used 4-paeli of ICO nL
wilh Calomel internals) bcrles
Electrode Soakine Solution *-;acK of 100 mL

bcrttes
Salt Bridge Solution, Contains Sodium Nitrate and Sodium *-;ael< o' ICO mL
Acetate bccJes
Filling Solution. 1M. KCI Si:ura:ed wiin A«Cl 4-~1Ck of ICO mL
(Star-Series electrodes only)

9. pHl START-UP KIT:
39631 Electrode. Cable, Thc
BuKerj. Filling laluti

rmocompensilar. Sample

I 0. pHl STAND LAB ORGANIZER

II . pHl DELUXE FIELD CASE

12.pHISOFTCASE

13. pHl MOUNT. WALL/SHELF BRACKET

Psrt No.

123115

123138

1231<S

123127

5991H

fl PRICE AND DELIVERY INFORMATION. CALL t -400.74 J.J3J1



Tbur *IO. 11: or 12 i» j»w«f*d 5y two 18 to* Irtfiium
o( canunwoul OpMlion. P»eH«tm«rn Sartanai can
kxal B«cJim*n olflei. (In U a eU 1-400-7*3-2345).

E*sae:a<j Urtr/ Sf* 4 ow I, COO louf
3y on: • nog ?vi Mo. XS7J4 from yc

.

" "A ̂  ̂  'Accepufila rtplaeamant bariaf** ara aUo tv*laCla on t wortd-wida buia;

Mfr Pirt No.
El«ctrocn»in Industritt 38940-TC
Pwr«r Conwreion inc. TO«-*1
S«ftAOv>nc*d Saury Q». L$t
ladinn TL-2100 AA/S

LocaJ wppli«ri may b« bund in your til«phona directory.

Not* tfi*l (AMt bantnti art 15 volt IHhium etllv Do not inimpt 10 rtplaci tAtm win 1 J vott
»OuJ!n» or carbwviinc ealla.

tl ifl*wjm*m diiplay indicatts kw bi
tumM on, blR*rm inouW b* rtplacid:

n inxtrumani 4

.
4. ChacN {* ) tna (-} ma/kinfi* on banana* and inaart as inown:

& Rtptac* back cow and ten

IMPORTANT: A -8REAK4N" PEFUOO OF UP TO X MINUTES IS REQUIRED WHEN
SOME NEW LITHIUM BATTERIES ARE FIRST PLACED INTO SERVICE. DURING THIS
PERIOD, THE LOW BATTERY SYMBOL AND SOME -GHOSTING" MAY APPEAR ON
THE DISPLAY. IF SO, LEAVE INSTRUMENT ON FOR 20-30 MINUTES AND THEN
PRESS (T). THE LOW BATTERY SYMBOL AND -GHOSTING" SHOULD DISAPPEAR.

TROUBLESHOOTING PROCEDURE

1. Oteonnvcl alactroda eablafs) from iniirumant. Praia (jjQto Him on iniintmtflt. men pr*ii L'_ J»
daat Ooplay inoutd show {Clr. AUTO|. II not. raplaca baRanai p«r BATTenY RcPLACeMEST,

II iulrumant is itiB ioop«dliv«, can S«r :a Hot Una: 1400-662-SIIT.

Paper Clip

a Praia [V]- trian(gj. Tha display thould lock al pH 7.CQ. indicating a ona-pcini uv.etii
a. II iruirvmant pauai laa). go 10 Slap *,
b. H imrrumant laia tan. call Sarvka Hot Una: 1-BOO-C624217.

4. R«conn*ci pH al«c;iQda caUa to "pH" inpul connactoc Snort th* input ctnn«cor ol i.*i« c

Paper Clip

. Uian rtmov* p»p«r ePrau (3*™1 Ul<n OS- Di*
Raading tnouW drift,
•. » innrumam pauai latt. go B Slap 1
b. H tairumam fail* !•». cal Backman ElacvocAamiwy AppBcailon*:

VH04S44C67 Outtida California
7VMTI-4»4 Within CaCtomia

i Raconnact pH al*ciroda<i}. Immana atacrodaft) ki pH 4 burfat and p«rtorm ona-poim
fUndartiatbn. Than immarM a>aciroda(i) in pH 10 bular and taka pH raiding. At IS'C. Via
raiding tnould b« b«rw««n 17 and Ul pH.
a. It tha lait ia pastad. tna pH maiar, cabta. and atactrocXi} ara lunc«nMig prcpvrly.
b. B »n b lailad. m* pH alactrodafi) mu« t« ra|uv«na:ad w r*piie«<] Tha (laeirod* r*juvana:.cr



INSTRUMENT

BECXUAN
PART NO,
pM MEASUREMENT

Rang*

Resolution
[Selectable)

Relative Accuracy

Auto Read Mode

Buffer* Recognized by

MILLIVOLT
MEASUREMENT

Rang*

Resolution

Accuracy

Auto Read Mod*

CONCENTRATION
MEASUREMENT

nW Accuracy

Auto Read Mode

Useabl* Standard
Valuei

pHl 10

133132

OU 15.99 pH

OD1. Q1
pHumt

10J51 pH

pHI 11

123133

OtollMpH

aoi.at
pHunH

iOOl pH

pHI12

123134

0 U 15J9 pH

001. at pH unrt

1 0.01 pH

ai pH Resolution: Display lock) after rtaeing is liable within 1 .0 mV

0.01 pH Resolution: Display toctt after raaeing j siatXe w-toin 1X5 mV

Instrument: 1.64, 400, TOO, 10.01. I2.«S pH.

-

-

-

-

-9949 u * 999.9 mV

ai trw

raiding. nUirv* mV

-9993 to * 9993 mV

ai mv

Display tocka after reading ij stable within OJ mV

- ±0,1 mV

Display locks after
raiding a jUflle
within 0.25 mV tor

'TWO values. In any

from the Following:
1A 2i 10, W. 25.
sa ice. 2sa sea,
and 1000.

TEMPERATURE MEASUREMENT (ALL MODELS)
fling*-S*C 10 100*C
flttduiiaft:OLl*C
Accuracy [with B«ekmm 298115 Prcbt): ± OJ'C

MISCELLANEOUS (ALL MODELS)
Input Connection*:

1. 6NC inpm (or pH, rrrV. and ccnccniraiion.
3. i-mm pin connector kx rt(tr*nc* •'•ctretf*.
1 Miniiiuri pnon« jack (or Bccunan J9flti5 Automatic Temperature C

Error Indication*:
1. Input owvettag* (a< model)
2. Temperature compena»fon non-funcion«|
1 Low b»nerie»
4. Cuestionable •(•ctrodeAnantfareiiuior).

Siie: 5.2 inehet x 3 a inches * U inches.



E-11

Platinum Combination Electrode
Catalog No. 13-639-32

The Fisher platinum combination electrode combines a
silver/silver chloride reference element and a platinum-wire
indicating element jn a single probe. This 'dual element"
configuration eliminates the need for two separate
electrodes and is especially applicable to measurements in
narrow-neck flasks and other restricted-entry receptacles.

The platinum combination electrode is recommended for
use with automatic titrators and similar electroanalytical
equipment. The close physical proximity of the porous-plug
liquid junction to the platinum-wire indicator section results
in reduced resistance between these elements and
produces a rapid dynamic response for both redqx
measurements and potentiometric titrations. Additionally,
the electrode is ideally suited for any application that
involves the measurement of oxidation-reduction poten-
tials or requires the use of a "noble metal" sensor.

The electrode measures 5 inches with a 30-inch lead, and
functions over a -5' to 110°C temperature range. The
filling solution is 4M KCI saturated with AgCI (Fisher No.
So-P-135), and flow rate atthe junction is less than 8 n\ per
hour at an 8 cm head. Reference output is 44=: ImV vs.
S.C.E., while junction resistance is less than 10K ohms.

INSTALLATION
Place the platinum combination electrode into service as
follows:
1. Remove cap from supplied filling-solution bottle, and

screw on dispenser spout.
2. Lower rubber sleeve on electrode body until filling hole is

exposed, and fill reference cavity with electrolyte until
meniscus reaches a level approximately Vi-inch below
filling hole.
NOTE: A/ways use 4M KCI solution saturated with AgCI
(Fisher No. So-P-13S) as the electrolyte. NEVER USE
SATURATED KCI FILLING SOLUTION.

3. Place electrode upright in empty beaker to permit filling
solution to wet and flow through porous plug, as
evidenced by formation of KCI crystals on outer surface
of plug.
NO TE: If no flow is observed within 30 minutes, or if
response is unsatisfactory during an analysis, soak
electrode in dilute KCI (0.1 M) tor several hours, and
then perform the following procedure:
a. Hold electrode (cap up) at a 45* angle between thumb

and forefinger on left hand, so that filling hole faces out
and is directly opposite base of thumb.

b. Insert dispensing spout into filling hole.
c. Make sure that electrode is supported by base of

thumb, then firmly press spout into filling hole to make
an airtight seal.
NOTE- Normally, spout tip will not touch internal
element: while applying pressure, however, care
should be exercised to prevent contact. If necessary,
cut off a portion of the tip.

d. While maintaining seal, squeeze filling bottle firmly so

that electrode becomes pressurized.
NOTE: A bead of liquid should form at liquid function
in about 30 seconds: in some cases, however, it may
be necessary to maintain pressure tor several
minutes. If flow cannot be established, refer to
REJUVENA TION section.

4. Mount electrode on suitable holder and connect jacks to
pH meter.

OPERATION
For optimum operation with the platinum combination
electrode, observe the following general procedures:
1. Rubber sleeve should always be lowered on electrode

body to expose filling hole and permit proper electrolyte
leakage.

2. Level of electrolyte must always be maintained above
surface of sample solution to avoid backflow of sample
into electrolyte. Refill reference cavity as required.

3. After removing electrode from one solution and before
immersing in another, the outer surface should be rinsed
with distilled water.

STORAGE
When not in use, store the platinum combination electrode
as follows:
1. Slide rubber sleeve into position over the filling hole.
2. Place supplied cot over tip of electrode by threading

platinum wire through opening and sliding cot onto glass
body until porous plug is completely covered.

REJUVENATION
Rejuvenation of the platinum combination electrode may
only require a simple cleaning. Occasionally, a more
thorough cleaning is required, or the porous-plug junction
may have to be unblocked. Each is covered separately
below.

Simple Cleaning
A simple cleaning of the electrode is done as follows:
1. Wash electrode surface with a good detergent.

NOTE: fles-25 detergent (Fisher No. So-C-181) is
recommended.

2. Polish platinum wire with scouring powder.
3. Rinse electrode thoroughly with distilled water.

Thorough Cleaning
For a more thorough cleaning, perform the following:
1. Connect tip of large cable plug to negative terminal of a

22V dry cell, then immerse tip of electrode in a 1N
solution of hydrochloric acid.

2. Similarly connect a platinum or graphite electrode to
positive terminal of dry cell and immerse tip of electrode
in same solution.
NOTE: Hydrogen will evolve rapidly, and the metallic
electrode will be cleaned by electrolysis in S to JO
seconds.

3. After cleaning, disconnect both electrodes and rinse

Instrument Manufacturing Division Fisher Scientific Company



eacl with distilled water

Unblocking the Junction
If the liquid junction should become partially blocked,
perform the following:
1. Inspect reference cavity for crystallization.
2. It crystals are evident, proceed as follows:

a. Remove filling solution by shaking it out through filling
hole.

b. Rinse cavity repeatedly with distilled water until all
crystals are disolved.

c. Refill cavity with fresh 4M KCI solution saturated with
AgCI (Fisher No. So-P-t35).
CAUTION: Never use saturated KCI as the electro-
lyte.

d. Repeat all of step 3 under INSTALLATION.
3. It difficulty persists, perform the following in sequence

depending upon the severity of the blockage:
a. Soak electrode overnight in dilute KCI (0.1M).
b. Boil junction in dilute KCI for 5 to 10 minutes,
c. Carefully sand or file the porous plug junction.

Electrode Instructions E-11
Revised and Published 4-78
Fifth Issue (8-0316-08)
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I. INTRODUCTION

The measurement of terrain resistivity to map geology has been
utilized for over half a century. Several shortcomings, however,
have prevented this technique from being widely accepted for en-
gineering purposes. The first of these is that conventional galvanic
resistivity surveys require a relatively Urge amount of manpower to
execute and are thus expensive. Secondly, the actual value of resis-
tivity itself is seldom diagnostic; it is the lateral or vertical variations
of resistivity which form the basis of any interpretation. However
the high cost of resistivity surveying generally means that fewer
measurements are made than would be desirable, with the result
that either (i) the survey area is not made large enough to establish a
reasonable background against which the anomalous areas are to be
delineated or (ii) the anomalous area itself is obscure and lacks
definition.

An additional problem inherent to conventional resistivity tech-
niques is that although the effective depth of exploration is deter-
mined by the selected inter-electrode spacing, resistive in-
homogeneities which are small compared to this depth but which are
located near the potential electrodes can cause a significant error in
the measurement. Such fluctuations in the measured results are
truly geological "noise" because it is not possible to determine the
physical size, resistivity contrast, or location of the source. As a
result of such inhomogeneiiies resistivity profiles carried out at
constant interelectrode spacing tend to be noisy, limiting the resol-
ution in resistivity that can be achieved, even though the in-
strumentation itself is capable of producing much higher accuracy.

It was an awareness of both the advantages of resistivity for
engineering geophysical surveys and the disadvantages of conven-
tional resistivity techniques that led Geonics Limited to examine the
possibility of employing electromagnetic (inductive) techniques as
an alternative for resistivity surveys. With the development of the
EM3I and the EMM-3 it is now possible to map terrain conductivity
virtually as fait as the operators) can walk; furthermore the sample
volume is averaged in such a manner as to yield unexcelled resolu-
tion in conductivity.

These patented instruments have been designed to cover the
range of depths generally useful for engineering geophysics; the
EM31. one-man portable, has an effective depth of approximately 6
meters and the EM34-3. two-man portable, has stepwise selectable
depths from 7.5 meters to a maximum of 60 meters.

Typical applications for the EM3I and EM34-3 instrumentation
are: •

(i) Delineating regions of permafrost (frozen pore water) •
(ii) Locating gravel

(Si) Extending known gravel deposits
(iv) Mapping saline intrusions
(v) Detecting cavities in carbonate rocks

(vi) Mapping pollution plumes in groundwater
(vii) Mapped bedrock topography
(viii) Mapping terrain conductivity for electrical grounding

(ix) General geological mapping (soil types, fault and fracture
zones, etc.)

(x) Archaeological exploration
(ii) Locating pipes (EM3I)and metallic-type conductors
This technical note describes both trie principles and the in-

urumentation employed to measure terrain conductivity using
electromagnetic techniques at low induction numbers. For a de-
tailed discussion of the concept of terrain resistivity/conductivity
ud of the various factors that control this parameter the reader is
referred to Geonics Limited Technical Note "Electrical Conduc-
tivity of Soils and Rocks".

II. PRINCIPLE OF OPERATION

The application of electromagnetic techniques to the measure-
ment of terrain resistivity, or more properly, conductivity* is not

' •Conductivity b preferred with inductive techniques since the response is
•cacraltjr proponional to conductivity and inversely proportional to resis-

Ficuu I. Induced current flow (homogeneous hajftpace).

new and excellent descriptions of this technique are given in the
literature [I], |2].

Consider Figure I in which a transmitter coil Tx energized with an
alternating current at an audio frequency, is placed on the earth
(assumed uniform) and a receiver coil Rx is located a short distance
s away. The time-varying magnetic field arising from the alternating
current in the transmitter coil induces very small currents in the
earth. These currents generate a secondary magnetic field H, which
is sensed, together with the primary field. H,, by the receiver coil.

In general this secondary magnetic field is a complicated function
of the intcrcoil spacing s, the operating frequency, f, and the ground
conductivity a. Under certain constraints, technically defined as
"operation at low values of induction number" (and discussed in
detail in the appendix) the secondary magnetic field is a very simple
function of these variables. These constraints are incorporated in
the designof the EM31 and EM34-3 whence the. secondary magnetic
field is shown to be:

(1)

where H, *• secondary magnetic field at the receiver coil
H, " primary magnetic field at the receiver coil
u. 2»f
f - frequency (Hz)

/<. » permeability of free space
f » ground conductivity (mho/m)
s - intcrcoil spacing (m)

The ratio of the secondary to the primary magnetic field is now
.linearly proponional to the terrain conductivity, a fact which makes
it possible to construct a direct-reading, linear terrain conductivity
meier by simply measuring this ratio. Given H./H, the apparent
conductivity indicated by the instrument is defined from equation

(2)

The MKS units of conductivity are the mho (Siemen) per meter or.
more conveniently, the millimho per meter.

III. INSTRUMENTATION

The EM31 (shown in Figure 2) has an intercoil spacing of 3.7
meters, which yields an effective depth of exploration of about 6
meters. The instrument can also be operated on its side, in which



TABLE I. Exploration Jeplhi for EM34-J 21 various inic

Inlcrcoil Spacing
(meters)

Exploration Depth (metm)

Horizontal Dipoles Venial Dipoki

10
X
40

7.5
15
30

IS
JO
60

• FiGURF.2. E.M31 in field operation.

case :is will he seen in Section IV.. the effective depth ofexploralion
u reduced to approximately 3 meters. The instrument is one-nun
ponable and ran be used either in "station-by-station" mode or
read continuously. The presence of layering in the earth ran be
detected by raising the instrument -and noting the readings as a
function of instrument height. If the earth n two-layered the con-
ductivity of both layers and the upper layer thickness can be
resolved.

The EM34-3 which i« two-man ponable has the two coils flexibly
connected (Figure 3). The intercoil spacing is measured electroni-
cally so that the receiver operator simply reads a meter to accurately
set the coils to the correct spacing, which can be 10.20. or 40 meters
so as to directly vary the effective depth of exploration as shown in
Table I.

To measure terrain conductivity ihe tmnsmitter operator *top>4
the measurement station: the receiver operator moves ihe rcccna
coil backwards or forwards until his meter indicates correct intciwi
spacing and he reads the terruin conductivity from a secunj mrta.
The procedure lakes 10 to 20 seconds. The coils are nornuftj
curried with their plane* vertical [horizontal dipole mode) tinct «
this configuration the measurement is relatively insensitive u»a*-
alignment of the coils. In the event that the greater depth of peacr*
lion resulting when the two coils are in the vertical dipole m*k*
desired, mure care must be taken with intercoil alignment. Bc£*.v
of Ihe relatively short intercoil spacing correct alignment n uwfj
not difficult to achieve.

Both instruments are calibrated to read terrain conducing) *
millimhos per meter. To convert these readings to resblmiyiA
ohmmeiers) one simply divides them into 1,000, i.e. 50 milling*
per meter is the equivalent of 20 ohmmeters.

IV. SURVEY TECHNIQUES AND INTERPRETATION

For either the EM31 or EM34-3 it can be shown that in a ho*»>* • j
gencous or horizontally stratified eanh the current flow is eruirdf f me
horizontal. Funhermore under the constraints by which the io*n»- m
men is are designed thrcurrenl flow at any point in the youoJ»>-»: I
independent oflhe current flow at any other point since the mafoeac - "• j
coupling between all current loops is negligible. Finally, undtrthc* '' mt
constrdinis the depth of penetrdiion is limited only by the interod «; *
spacing. -We say that the depth of penetration is "source** a •" j
"geometry" limited rather than "skin depth" limited since it b w»
controlled by the fall-off with distance of the dipolar inrumiucx
field. For this reason all dimensions are normalized with respect LI
the intercoil spacing in subsequent sections of this technical nou.

IV. I. Instrumental Response as a Function of Depth (Honx>fnesw
Halfspace)

Consider a homogeneous halfspace on the surface of which a
located an EM3I or an EM34-3 transmitter as shown in Figure I
Fixing our attention on a thin layer of thickness dz at depth z (whac
z is the depth divided by the intercoil spacing s) it is possible u>
calculate the secondary magnetic field in the receiver coil uriuoc
from all of the current flow within (his or any other horizontal Qua
layer. One can thus construct the function 4vU) shown in Figu/c4
which-Jescribes the relative contribution to the secondary magnetic
field arising from a thin layer ai any depth z. We see from this figure
that material located at a depth of approximately 0.4s gives iruu-
mum contribution to (he secondary magnetic field but thai muiehJ
at a depth of 1.5s still contributes significantly. It is interesting u>
note that the ground at zero depth, i.e. the near surface material.

FIGURI 3. F.MT4-3 in field i>pcraiion.

Fleam*. -I. Kcblive rv\pons« »er%u\ depth for venical dipole*. 4.UI i* U
reUilivc conlribuiion to H, from material in a thin byer dz located ai I
mali/eJ) depth z.
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IMA.IL 3. Relative reiponx verm* Uepch for horizontal dipoles

v«ry small contribution to the secondary magnetic field and
(his cotl configuration is insensitive to changes in near

e conductivity.
finite 5 illustrates the function of Figure 4 for the case of both

•aMaiiier and receiver dipoles horizontal coplanar rather than
KTU^J coplarur. For the coil configuration of Figure 5 (commonly
«*J for the EM34-3 since it is less critical to imercoil alignment) the
«rWite contribution from material near-surface is large and the
vHr*«x fcJt* off monotonicalty with depth.

\ comparison of the function $ for both coil configurations in
r^uic 6 emphasizes the different manner in which they respond to
oiicrul at different depths. The difference is important since either
•tirumcnt can be rolled over so that the vertical dipole transmit-
UMccciver geometry becomes a horizontal dipole transmitter/re*
«iv«r geometry and vice versa. As will be seen later, this feature is
uwfiJ in diagnosing and defining a layered earth. The figure also
tUftt»thai for regions greater than one intercoil spacing in depth the
•alia) transmitter/receiver dipole gives approximately twice the
nUiite contribution of the horizontal transmitter/receiver dipole.

To summarize, with either horizontal or vertical transmitter/re-
<ct>cr dipole orientation it is possible to construct a function which.
fr»a the relative response to the secondary magnetic field at the
receiver from a thin layer of ground at any depth. That this is
pyuiblc arises from the fact that (i) all current Row is horizontal and
(ufaD current loops are independent of all other current loops.' It
tbould be noted that it is not possible to construct such functions for
conventional resistivity techniques.

Finally, since as shown in Section II the definition of apparent
conductivity is given in terms of the secondary magnetic field at the
receiver, the functions in Figure 6 also give the relative contribution

from material at different depths to the apparent conductivity indi-
cated by the instrument meter. The integral of either function from
zero to infinity gives Ihe total secondary magnetic field at the re*
ceiver coil from a homogeneous half space which !s directly related
to the electrical conductivity of ihe halfspace by equation ( I ) . It is
therefore possible to state with great precision the relative influence
of malerial at different depths to the indicated apparent conductiv-
ity.

IV. 2. Multi-Layered Earth Response
The functions shown in Figure 6 are useful for describing the

relative sensitivity of either oflhe two coil configurations to material
at various depths. However a function derived from them is more
useful for performing calculations, ll is defined as the relative con-
tribution to the secondary magnetic field or apparent conductivity
from all material below a depth z and is given by

R,(z) • r *vi
J I H

(3)

Culled Ihe cumulative response, this function is illustrated in
Figure 7 for vertical coplanar transmitter/receiver dipoles. The
figure shows, for example, that for this configuration all material
below a depth of two intercoil spacing! yields a relative contribution
of approximately 0.25 (i.e. 25%) to ihe secondary magnetic field at
the receiver coil.

Suppose now that our homogeneous halfspace has a conductivity
of 20 millimhos per meter (50 ohmmeters). The equipment having
been calibrated according to equation (2). the output meter indicates
20 millimhos per meter. From Figure 7 we observed that the material
below two intercoil spacing] contributed 25% 10 Ihe secondary
magnetic field and therefore 25% to the indicated meter reading.
Suppose that we replace this deep material with an infinitely resis-
tive (zero conductivity) substance. Since we have reduced to zero
Ihe 25% that this material contributed to the meter reading the new
reading will be 75% of 20. or 15 millimhos per meter. Conversely, if
we leave all of Ihe material below two intercoil spacings at 20

as 10 n 2-0 i
Fiuuftfc 7. Cumulative response versus depth fur vertical Oipole*. R, lz)

MA-M fc. Comnariiion or rrblive responses for vertical and horizontal is the relative contribution to H, from all material below a (normalized)
depth i.



FIGURE 8. Two layer earth model.

millimhos per meter but make all material above two intercoil spac-
ing* infinitely resistive the meter reading will fall from the original 20
millimhos per meter for the homogeneous half space to 5 millimhos
per meter, since, if all of the material below two iniercoil spacings
contributed 25% of the meter reading, all of the material above two
intercoil spacings must contribute 75%; when removed the meter
reading becomes 0.25 x 20 or 5 millimhos per meter.

From this example we see that there U a simple way lo calculate
the instrument reading on an arbitrarily layered earth as long as the
intercoil spacing is much less than the skin depth in all of the layers.
We simply add the contribution from each layer independently,
weighted according to its conductivity and depth according to Fig-
ure 7. For example assume that we have a two-layer case as shown
in Figure 8. The contribution from the upper layer is given by

since all of the material below zero depth yields a relative contribu-
tion of unity or 100% to the meter reading. Conversely all of the
material in the lower layer adds a contribution given by •

". - »iRv(z) (4b)

and the actual instrument reading will therefore be the sum of these
two quantities

«. - «i[l - Rvtol + »jRv(z) (3)

If the earth is three-layered as shown in Figure 9 the same proce-
dure is employed to determine the instrumental response. In this
example the calculations are performed for difTerenl middle layer
thicknesses.

cb"
a, • 20mS/m

-i,-
«,» 0-S

z,» 1-0. 1-3
O, « 2m3/m

Ficutc 9. Calculation of response to three layer earth - center layer thick-
ness varying.

The ease with which such calculations are performe
survey preparation and interpretation. It is sometime*
make advance estimates of the electrical properties of ihe
to be encountered during a survey or. alternatively, once <
operator can obtain the same information from sample
menis of the different materials. The procedures outline
then employed to estimate the apparent conductivity
under various terrain conditions. Examples of such cuicuLuje l*
the EM3I are shown in Figure 10. As is seen in the appeaj.v a
algebraic expressions for <Mz) and R(z) are very simple
easily programmed on hand held calculators.

In Figure 10 the vertical dimensions are greatly e.ugjer*^j *-a
respect to the horizontal dimensions. The question an***** LJ »i^
degree of lateral uniformity is required before the earth ,ia:»
considered as horizontally stratified or homogeneous. Survej n-
perience indicates that if the ground conductivity Jon u
significantly vary with horizontal distance within a radius <4 or
intercoil spacing from the instrument the ground can be cooi*ic<<
to be laterally uniform.

The above discussion referred to the use of vertical v*s*x+
ter/feceiver dipoles; it is equally possible to construct a
response function for the horizontal coplanar dipole
and Figure 11 illustrates this function for both coil configurate*- A
comparison of the two curves illustrates that the venial d?»
mode of operation has approximately twice the effective
lion depth of the horizontal dipole mode.

IV. 3. Comparison with Conventional Resistivity Technique
Many readers will be familiar with the two-layer curves tr

to interpret data from conventional resistivity surveys usiaji ho-
tter array of four equally spaced electrodes. Using the techak^a
described in the previous section U is a simple matter to *-Lt--1^
two-layer curves for the electromagnetic technique; Figure C
shows such curves for both the vertical and horizontal J^wa
configurations superimposed on standard Wenner curves. The to-
eral shape is similar but there are marked differences in deal. F*
vertical coplanar transmitter/receiver dipoles we see that «bca nt
substrate is the more resistive the response of the two syuea •
similar; however when the substrate is the more conduct ex
electromagnetic technique sees deeper in that the influence otac •
substrate, for a given conductivity contrast, is felt at smaller Saw*
coil spacing than inter-electrode spacing. This is a general cawx-
teristic of electromagnetic systems which prefer to look ihrou£ *
insulator to a conductor rather than through a conduct* u m
insulator.

For the horizontal dipole configuration if the lower layer a at
more resistive the effective exploration depth of the inductive ico
nique is slightly less than the Wenner array; however, once ip«.a
the case where the lower layer is the more conductive the eipkrv '
tion depth of the inductive technique is substantially greater.

IV. 4. Resolution of Two-Layered Earth by Varying Uurmi
Sprang

The principal advantage of the inductive eleciromagncuc IM>
nique over conventional resistivity lies tn the speed and accu/vr)
with which lateral changes of terrain conductivity can be rncuufe*.
However this technique can also be used to measure the tcruatf
variation of conductivity by expanding the intercoil spacing ia i
manner analogous to that in which the electrode spacing is c
in conventional resistivity sounding techniques. The current
of-the-art, however, is such that relatively few intercoil i
can be employed; for example the EM34-3 can be operated »iia m
intercoil spacing of 10, 20 or 40 meters. This feature is iomc»i4
mitigated by the fact that the instruments can be used in either &
vertical or horizontal dipole modes which, as shown in a pmu>*
section, exhibit different sensitivity to various depths thus yickUf
more information than would be available by simply using three
spacings with one coil orientation.

To interpret a two-layer geometry the two-layer curves for Ku
dipole configurations are superimposed on a common plot a* vK~*

Ji

ft
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FIGURE 11. Cumulative response versus depth Tor vertical and horizontal
dipoles.
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Ficuu 12. Comparison of Wenner array and inductive electromagnetic
sounding curves for a two layer earth.

1GURE 10. EM31 ctlcwUud rtsponM acrou various s«oloiic»l foturn. FtGURC 13. Two byer earth response curves fatlv, • 10.100; intercoil
«•! R (Z) corrtciid for imtnimcnl op*»lion •! waiil '.I mttcr) h«if ht, spacinf varied). Dots indicate typical survey results.
M MptHtioa s " 3.47 incurs.
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in Figure 1.1. The NIX data points obtained by making measurements
with two coil orientations and three intercoil spacings are plotted to
the same scale on a piece of transparent paper and are translated
vertically and hori/omally on ihe two-layer curve?) to ascertain
whether a satiifaeiory tit can be achieved. In the event that such a til
can be mude. the earth Joe* exhibit iwo-lityer characteristics and
the values of conductivity for both layers and the thieknes> oflhe
upper layer are directly read off.

IV. 5. Resolution or Two-1 jycrtd Earth by Varying Instrument
H*i*hi

In the case of the KM? I the intercuil spacing is rigidly fixed NO thai
Ihe technique described above is not available to analyse a luyered
earth. It is. however, possible to raise the instrument above the
ground, measuring the apparent conductivity as a function of in-
strument height for both the vertical and horizontal dipole configu-
rations. This has the clTect of shifting the response curves of Figure
6 upwards through the various regions of the earth and (he variation
of apparent conductivity with height is therefore of diagnostic value
in determining the nature of any layering. It is a straightforward
nutter to calculate the response of the instrument as a function of
height for various two* la ye red earth geometries and typical curve>
are shown in Figure Ub, To use the curves one simply plots the
measured apparent conductivity versus height for both coil configu-
rations on a piece of transparent paper to the same scale as Figure

(a) O 0 ^ JMm)
_£i_

cr.

(b)

k = iOO
^oo

k= 10

h(m)

k = I

(C)

t - 1m

Cose history . . . . .
Interpreted results t, = lm, ff, = 0-30mmho/m

tft s 30 m mho/m

Fiouttfc |4. Two byer earth response curves (t
height varied ). IXM\ we actual MM vcy fouli*.

I. Ml,luU:in!.irumvnl

Ub and shift* ihe plotted duiu vertically unt i l good ugreemcnt t-,
achieved wi th one yf ihe curves, whereupon the iwo conductivit ies
and the upper layer thickness are immediately determined as in the
illustrated cusc history of Figure I Jc.

In theevcm that (he conductivity of either one of the two layers is
known to he much less than the other, so that its contribution to the
meter reading is negligible, it is simply necessary to lay the instru-
mcnt on ihe ground, lake a reading, lay it on its side, take a second
reading, and from these iwo vylues one can immediately calculate
ihe conductivity of the more Conductive layer and the thickness oi"
the upper layer.

V. ADVANTAGES AND DISADVANTAGES OF INDUCTIVE
TKKKAIN CONDUCTIVITY MEASUREMENTS

V. 1. Advantages
The advantages of the use of inductive electromagnetic tech-

niques to measure terr.un conductivity are as follows:
(t) Lxrellent rexittmitnt hi rmttluctiviiy. It was stated in Section I

that a problem with conventional resistivity was thai the pres-
ence of localized resistivity inhomogeneities near the potential
electrodes caused large errors. If we e.iamine the current flow
in a homogeneous halfspacc for (he inductive technique de-
scribed herein we realize thai in the vicinity of the transmitter
the current density is very high and we might expect the pres-
ence of u conductive inhomogenetty located here lo have a forge
effect. However where the current density is high, the radius of
the current loops is .small and their distance from the receiver
coil large, so that these loops do not couple well magnetically
wiih the receiver. The effect of changing this current by varying
the local conductivity is consequently negligible. The lateral
extent of the volume of earth whose conductivity is sensed by
the inductive technique is approximately (he same as ihe verti-
cal depth. The result is that small changes in conductivity, for
example of the order of 59f. or 10%. are easily and accurately
measured.

(Ji) /V» current injection problems. Since currents are magnetically
induced in the earth, current injection problems encountered
with conventional resistivity in materials such as gravel, bed-
rock, permafrost, snow and ice. etc.. are not encountered with
this type of instrumentation.

(!!!) Simple mtilii-tuyerrJ earth fuk'iilutium. This mutter is dealt
with at length in Section IV.

(iv) £fljy. rapid measurements. A problem with the conventional
Wenner army is that in order to survey to an effective depth a
the array must be 3a in length and the total length of wire
required 4u. used in four sections. This presents many oppor-
tunities for snagging and breaking the wire. Furthermore each
measurement requires insertion of four electrodes and rela-
tively careful measurement of the inter-electrode spacing.
These features are avoided with (he inductive electromagnetic
techniques and it is no exaggeration to say thai a survey can
often be curried out five to ten limes faster using this technique.
Indeed with either the EM31 or the EM34-3 it is usually possible
under average terrain conditions lo survey 5*lo 7 line-
kilometers u day with u station spacing of 15 or SO meters.

V.2. Disadvantages
As with all geophysical instruments, there are some limitations

and disadvantages to (he use of inductive electromagnetic tech-
niques and these are as follows:

(!) Uinilftl tlyiiwnif mape U - 1000 nimlins per nirtert. At low
values of terrain conductivity ii becomes difficult to magneti-
cally induce sufficient current in (he ground to produce a de-
tectable magnetic field at the receiver coil. Conversely at high
values of conductivity the quadrature component of Ihe re-
ceived magnetic Held is no longer linearly proportional to ter-
rain conductivity us is shown in the appendix.

( i t ) Srttititi tiinliii(ii'iiniinin): itir iiiMrnnifni ;rri*. Ideally in order to
set the /ero the instrument would be suspended in free space
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and the zero set there. The mofe acceptable alternative is to
search out a region of very resistive ground, lo accurately
measure its conductivity using conventional techniques, and lo
set the InMrumental zero al that location. This is Ihe procedure
which is actually followed.

It is necessary that this zero be accurately maintained over
long periods of time and over the wide variations of tempera-
ture encountered during geophysical survey in various parts of
me world This produces lighi constraints on the circuitry, with
the result that the zero may be in error by up to ±0.2mmhospcr
meter. Such an error would be negligible over the usual range of
terrain conductivities: however in the event that measurements
arc Being made on highly resistive ground the zero error can
!>ecorr>e significant.

• u,; Liiini'itVrriHulSoniiJingCapability. In theory it is possible to
usc j i-stem such as Ihe EM34-3 al a continuum of intercoil
ipucmif. lo yield more information about electrical layering in
ih« ground. To achieve a wide variety of inter-electrode spac-
ing- with conventional resistivity equipment is simple; in the
case ul the inductive electromagnetic technique Ihe rapid fall-
off o( ilic magnetic field from ihe dipole transmitter introduces a
«no>.s dynamic range problem. In due course there will un-
diiubteJiy he instrumentation with a wider variety of spacings
at ihe expense of additional complexity.

VI. CASE HISTORIES

Tim sec'xip .If •scribes several case histories obtained with the
EMU and I'K ! MM. The surveys (i) illustrate the resolution in
i.i»n)uciivii, i h ii can be achieved, (ii) compare ihe results obtained
• ••n n,nven"'nnal resistivity and (iii) illustrate the use of the latter
1*01 i-tci'int, sand, travel and conductive minerals, determining bed-
•oi> lupoiiiThy (including locating a buried river channel) and
Turp-ng >hi i-.iili.tion plume from a land-fill site. In some cases the
•ti 'icaied i.tr-ductivity has been convened lo resistivity lo facilitate
.b>iii-orison *ilh conventional resistivity survey results.
fw-K Hiiion fl
i c-c-vinti tlississauga. Ontario
Insliumcnt KM:'I
Appluvilioti Illustrates resolution and repeatability of EM31

For this case history a Rustrak chart recorder was used lo monitor
the r»upui of an EM31. A line of length 200 meters was traversed in a
net.! in both easterly and westerly directions. Figure 15 demon-

*°l LINE 1C

L...-
FICUM 13.

FIGURE 16. Test survey tine - Heart Lake. Om,

si rates that the instrument 1st resolving conductivity changes ofless
than I mmho/m (\% of full scale deflection) and thai ihe repeatabil-
ity is of i he same order. In fact the repeatability is limited in this case
by the resolving power of the chart recorder itself. It should fur-
thermore be noted that the instrument is detecting spatial changes in
conductivity of a few meters in length - compatible with (he inter-
coil spacing of 3.7 meters.

Case History #2
Location: Hearth Lake. Ontario
Instruments: EM3I

Conventional resistivity apparatus
Application: Location of sand/gravel

Comparison of EM31 and conventional resistivity

In this survey a line 1900 ft. (380 meters) in length was surveyed
with a measurement interval of 100 ft. (30 meters). The survey area
was generally located on a buried esker. however the last few survey
stations. 17 + 00 to 19 + 00. traversed a region of exposed sand and
gravel (often occurring in the form of concretions) and over this
portion of ihe line measurements were made every 10 ft. (3.0 met-
ers).

The conventional resistivity profile was carried out using a We fi-
ner array with an a spacing of 20 ft. (6.1 meters) except between
stations 17 + 00 and 19 + 00 where the a spacing was reduced 10 1ft.
(0.30 meiers).

In general the correlation between the two sets of data is excel-
lent, and demonstrates the ability of (he EM3I to generate good
quantitative data even in regions of low conductivity. Over the esker
the EM3I was actually read continuously down the line - the data
was recorded only ul the 100 ft. intervals, with the exception of the
reading at station 7 + 50 which was also recorded since it was noted
that a conductivity low occurred there. Such an anomaly was. of
course, missed by the conventional resistivity where measurements
were only made every 100 ft.

Both sets of data become rather erraiic between stations 17 + 00
and 19 + 00 as a result of the very rapid latent! changes in resistivity
arising from the concreted material referred to above.

Case History #3
Location: Cavendish. Ontario.
Instrument: EM3I

,. . Locution of metallic type conductor*
Application:

This survey line, of length 2000 ft. (610 melon), is located at a site



FIGURE 17. Geologic map uf the Cavendish mi site and the grid of traverse
lines used in geophysical studies (after Ward et at (3)).

FICURC 18. EM31 survey of Cavendish test range Line 'C.

in Ontario which is often used by Canadian instrumentation man-
ufacturers to test new electromagnetic geophysical equipment. The
survey, along line C. illustrates response from both the swamp and
the two zones of metallic mineralization. Although measurements
were only taken every 50 ft. (15 meters) both zones are well de-
lineated and when such high responses are encountered localization
to within a few meters is quickly and easily carried out.

Inasmuch as the EM31 and EM34-3 were designed to map terrain
conductivity at the conductivity levels encountered in typical soils
both instruments are extremely sensitive electromagnetic detec-
tors. For example on the most sensitive scale, full scale deflection
for the EM31 is 800 ppm of the primary magnetic field and for the
EM34-3 it is 3800 ppm. Such sensitivity makes either instrument
useful for detecting metallic type conductors at what are very low
conductivity levels by normal standards.
Case History #4
Location: Misstssauga, Ontario
Instruments: EM31.EM34
Application: Determination of bedrock topography

Total line length for this survey was 8400 ft. (2600 meters) and
measurements were made every 100 ft. (30 meters) with both the
EM31 and (he EM34 - an earlier version of the EM34-3 which hud
two intercoil spacing* vis, 100 ft. (30 meters) and 50 ft. (15 meters).
The survey was performed to outline the cross-sectional profile of a

FIGURE 19. EM3I and EMJ4 survey line over preglacial over valley,
sissaugi, Ontario.

buried preglacial river valley whose existence had been suggt
from water-well data. At either intercoil spacing the time req
for the EM34 profile was 1*1/2 hours, resulting in approximately c
survey measurement per minute - including the time to walk uV '
feet between measurement stations. The time taken for the
sequent EM31 survey was similar.

Typical bedrock conductivity in the area is approximately
mmho/m, whereas an average value for the conductivity o** •
infilling glacial till is of the order of 8 to 12 mmho/m. Thus the E
at either intercoil spacing yields approximately 30 mmho/m :
valley edges where the overburden is thin and 12 to 14 mmho/m
the valley centre. The EM31 yields values of 14 ta 18 mmho/m a>'
valley edges (slightly affected by the presence of bedrock;
approximately 10 mmho/m at the valley centre. The interp
depth of the valley, based on the model shown in the figure,
approximately 120 feet (36 meters) which is in reasonable agrecm?
with the waier-well data value of 150 feet (45 meters), bean
mind that the three sets of data show that a two-layer model
over simplification.

The conductivity high which occurs between stations 32 and
results from a very large pile of waste furnace ash lying 01
surface.
Case History #5
Location: Camp Borden, Ontario
Instruments: EM3I. EM34

Conventional resistivity apparatus
Application: Mapping groundwatcr salinity

Comparison of EM34 and conventional resisiiv
Geophysical surveys were carried out over a sanitary landfii. .,

using, in addition to other instruments, an EM31, EM34 anJ c.
ventional resistivity (4), The survey results in the accompar
figures illustrate the good agreement between (hoe technique
also indicate the reduction in survey time achieved using imJu...
electromagnetic techniques. Particularly interesting are the vcriu
variations in resistivity as shown by the EM31 at 3.7 m imr .
spacing and the EM34 at 15 and 30 m spacing.

VII. SUMMARY

This technical note describes in detail the principles of ma •
the electrical .-.•itJuctivity of the ground using magnetically indue

12



Ficuu20(i). Ficuu 20(c).

Ftcuu20(b).

currents at low frequencies. It has been shown thai certain advan-
tages can be derived from working ai low values of induction
number. Amongst these are excellent resolution in conductivity, a
substantial reduction in man-hours necessary to carry out a con-
ductivity survey and a simplification in the calculation of layered
earth response.

Two points should be kept constantly in mind when performing
surveys of this type to map geology. The first is that these instru-
ments map only the electrical conductivity. If the conductivity does
not vary significantly with the geological environment, or if
parameters other than the geology also influence the conductivity,
the survey results may be difficult to interpret.

The second point is that measurement of terrain conductivity, like
any other geophysical measurement, must begin and end with geol-
ogy. Such measurements are only an aid to help visualize geological
conditions which cannot be seen. It is always necessary to interpret

Ficuu 20(d).

geophysical data against known geology from out-crops, boreholes,
or any other such "bench marks". Geophysical measurements can
be very effective by allowing interpolation between such sources, or
extrapolation away from them. However in every case knowledge
derived from geophysical measurements must be eventually re-
confirmed against known geological conditions.

1UUL1OCRAPIIY
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Prospecting. Pergamon Press 1966.
(2) Wail, J.R. 1962. A Note on the Electromagnetic Response of a

Stratified Earth. Geophysics V37. pp 31245.
(3) Ward. S.H.; Pridmotc. Of.: Rijol. Glenn W.E. Mullispectral Elec-

tromagnetic Exploration for Sulphides. Geophysics Vol. 39 No. 5 p.
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(4) Survey carried out by Dr. J. Greenhouse, University of Waterloo,
Waterloo, Ontario.



vCKTtCAl QIPOLE tlOmZOwTAt. OlftU

Ficu RL AI. Vcnic.il and horizontal dipole coil configurations.

APPENDIX: Theory of Operation at Low Induction Numbers

Consider the two coil configurations shown in Figure AI. In each
case the transmitter coil is energized with alternating current at a
frequency f Hertz. The measured quantity is ihe ratio of the secon-
dary magnetic field H, at the receiver when both coils are lying on
Ihe surface of the homogeneous half-space of conductivity tr to the
primary magnetic field H, in the absence of ihe half*space (i.e. as if
the coils were in free space). The spacing between the coils is s
meters.

The field ratios for vertical und horizontal dipole configurations
are given by equations (I) and (2) respectively.

f " frequency (Hz)
M. - permeability of free space

These expressions are complicated functions of the variable ys
which is in turn a reasonably complicated (complex) function of
frequency and conductivity. However, as will be shown below.
under certain conditions they can be greatly simplified.

A -veil known characteristic of a homogeneous half-space is the
electrical skin depdi S. which is defined as the distance in the
half-space that a propagating plane wave has travelled when its
amplitude has been attenuated to lie of the amplitude at the surface.
The skin depth is given by

and therefore

(3)

(4)

The ratio tli. the cntercofl spacing divided by the skin depth, is
defined as the induction number B. whereupon

(5)

Now if B is much less than unity (ie ys « 1) it is a simple matter to
show that the field ratios ofequalions (I) and (2) reduce to the simple
expression

*L\ ~ I*L\ - iJL2 „ j'-r.'* (6)
iHp /v \H,/H 2 4

which is the equation given in Section II.
The mug niiwle of the secondary magnetic field is now directly

proportional to the ground conductivity and the phase of Ihe secon-
dary magnetic field leads the primary magnetic field by 90".

Ficunt All. Electrical model for vertical dipolei.

To make B much less than unity we see thai we must make s vt
much less than 5 and thus

Thai is. having decided on a value for s (which fixes the effecii>-.-
depth of penetration under Ihe condition B «e I), the maxim,
probable ground conductivity is estimated and the operating (
quency is chosen so thai equation (7) is always satisfied.

The apparent conductivity which the instrument reads a the-
defined by

To examine the reasons for this simplification let us focus
attention on the vertical dipole coil configuration shown in Figur:
All since symmetry makes this configuration the simplest to und--
stand.

Consider current loop I. The primary emf e, causing this curt
to How is given (through Faraday's law) by the time rate ofchance •„•:'
Ihe primary magnetic flux from the transmitter through this Ion*.
Three impedances cause the current to be limited. These arise ft
(i) the electrical resistance R, of the loop. It!) the fact that the curt
/i generates its own magnetic field which causes a lime-varyin;
secondary magnetic flux through the loop (self-inductance. Lj. anii
(iii) the fact that all other current loops such as i j generate their i :
magnetic fields which in turn cause a time-varying magnetic flu: •
link with loop 1 (mutual-inductance, M).

The equivalent circuit for this configuration is easily derived fror-
elementary circuit theory with the result shown in FTgure Alll.

The complex impedance Z incorporates all of the affect?
magnetic coupling between current loop I and any other currcni
loop 2. We see from this expression that Z can be made arbitrarily
small by reducing w * 2:rf. the operating frequency. When Z is I .

u'y'

Fiuuxt Alll. Equivalent circuit Tor model of Figure All.
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I. INTRODUCTION

It was near the beginning of this cemury thai Conrad Schlum-
berger first employed the technique or mapping sub-surface ecology
by injecting electrical currents into the ground and mapping the
resulting potential field distribution. Since that time measurement or
terrain resistivity has been applied to a variety of geological prob-
lems. A partial list ofapplicalions includes the determination of roclc
lithology and bedrock depth; ihe location and mapping of aggregate
and day deposits: mapping groundwater extent and salinity: de-
tecting pollution plumes in groundwater: mapping areas of high ice
content in permafrost regions: locating geothermal areas: mapping
archaeological sites, etc.

In many instances resistivity mapping provides definite geological
information: however there are also cases where the results are
uninterprelable since the "geological noise" is loo high. A limita-
tion of resistivity surveying is that the actual value of terrain resis-
tivity itself is seldom diagnostic. As a result of this ambiguity we
generally examine the variations of resistivity, either laterally or
with depth, to outline the geological features of interest. But a
problem arises in that conventional surveys are time-consuming 10
carry out and the area actually surveyed is often smaller than one
might wish in order to fully ascertain the background against which
the anomalous feature is to be defined. Furthermore, although con-
ventional resistivity techniques sense to a characteristic depth (de-
termined by the inierelectrode spacing) resistivity inhomogeneilies
much smaller than that depth can. if they are looted near the
potential electrodes, yield large errors in Ihe measurement and thus
a noisy survey profile.

For these reasons application of resistivity surveys to engineering
problems is not as common as it might be. particularly in North
America. Such surveys have achieved success in Europe and are
used more routinely.

It was an awareness both of Ihe potential of resistivity measure-
ments for solving geological problems and equally of some of the
drawbacks of conventional resistivity mapping which lead Geonics
Limited to develop two new lines of instrumentation employing
electromagnetic techniques to measure terrain conductivity. In Ihe
first of these a sinusoidally varying magnetic field electromagneti-
cally induces currents in the ground in such a manner that their
amplitude is linearly proportional to the terrain conductivity (recip-
rocal of resistivity). The magnitude of these currents is determined
by measuring ihe magnetic field which they in turn generate.
Through Ihe use of electromagnetic techniques, ground contact is
avoided and wiih these patented instruments it is possible to map
terrain conductivity virtually as fast as Ihe operatorts) can walk;
furthermore the sample volume is averaged in such a manner as to
yield excellent resolution in conductivity. Two instruments have
been developed by Ceonics to cover the range of depths generally
useful for engineering geophysics: (i) the EM31. one-man portable,
has an effective penetration depth of 6 meters and (ii) the EMM-3,
two-man portable, has stepwise selectable depths from 7.5 meters to
60 meters.

In the second approach Ihe current flowing in a loop situated on
Ihe ground is abruptly terminated, inducing eddy currents in the
ground which diffuse away from Ihe transmitter loop in a manner
controlled by Ihe ground conductivity. In this case the dispersal of
Ihe currents is determined by measuring Ihe transient decay of their
magnetic field. Based on this principle. Ihe Ceonics EM37 can be
used to determine the electrical properties of the earth to depths of
several hundred meters.

These devices are assisting in Ihe solution of many geological
•problems. With Ihe renewed interest in resistivity it has become
apparent that there is a requirement for a short note which discus-
ses, from the point of view of survey interpretation. Ihe various
factors that influence terrain resistivity. For example, typical ques-
lions .raised include 11) When are gravels more resistive than finer
material? (2) What is the influence ofthe depth to waier table? (3) It
rained heavily bsl week: will this affect Ihe measurements? (4)
What are typical resistivities for Ihe following soil types?, etc.. etc.

By describing Ihe various factors that control Ihe electrical con-
ductivity/resistivity of soils and rocks under typical in-silu condi-
tions this note will attempt lo provide Ihe technical background
against which these questions can be answered and to thus give the
operator greater confidence in his survey interpretation. The em-
phasis throughout this technical note is on those factors that
influence the near-surface ground resistivity, particularly of sous.

The various topics are dealt with in the following sequence.
Section II: definition of conductivity & resistivity
Section III: description of relevant physical properties of soils and

rocks
Section IV: relation of physical properties to the electrical conduc-

tivity
Section V: discussion of conventional resistivity measurements of

soils in different climatic zones.
As mentioned above, this technical note is directed towards the

user. Many readers will be familiar with the physical properties of
soils and we ask their indulgence. None of the material on the
electrical properties of soils is original: some has been taken vert>a-
tim from the references. However the compilation has been derived
from many sources and we hope that it will prove useful.

II. RESISTIVITY/CONDUCTIVITY

Basically the electrical resistivity/conductivity of a substance is a
measure ofthe difficulty /ease with which an electrical current can be
made to flow through it. Suppose that we construct a tank with
insulating sides and two conductive end plates as shown in Figure I.
The end plates are connected lo a battery through an ammeter with
which we measure the current Aow through the sample. If the tank is
empty there is of course no path by which the current can flow from
one end plate lo the other and the ammeter reads zero.

Suppose we fill the tank with a mixture of clean gravel and tap
water. The ammeter will read a finite current and. depending on

Conductive end plates
(area A)

T

Ammeter (Current 1)

Battery (Voltage V)

RESISTIVITY (p)
R Ap = ——— ohm-metres

where R - -r— ohms

CONDUCTIVITY ( f J )

O - ——— mhos/meter

where 6 = —— mhos

FICUHC I. ResHliviiy/conJuctivity tank.



various parameters to be discussed in Section IV. might indicate a
current flow of a few thousandths of an ampere i.e. a few milli-
amperes. for a voltage of one volt. If the ammeter reads iwo milli-
ampcrcs the elecirici! resistance of the material in the lank, given
by the ratio of the voltage divided by the current, is 500 ohms.

If we now fill a number of different rectangular tanks, of different
dimensions, with the same mixture we would rind that the electrical
resistance is proportional to the length of the tank and inversely
proportional to the area of the conductive plate electrodes. The
constant of proportionality, a property of-the mixture only, inde-

. pendent of the tank dimensions, is defined as the electrical resistiv-
ity. In the MKS system it has the units of ohm-meters and is the
electrical resistance measured on a cubic sample whose dimensions
are all one meter. In the CCS system of units the resistivity is
defined as ihe resistance across two opposite faces of a cubic sample
one centimeter on each side and the units are ohm-centimeters.
From the defining relation we see thai, given the resistivity in
ohm-centimeters, we must divide by 100 in order to gel ihe resistiv'
Uy in ohm-meters.

Suppose that we empty our tank (now assumed to be one meter on
a side) and fill ii with a mixture of clay saturated with water. We
might find that the ammeter read a few tenths of an ampere, perhaps
as much as half an ampere. The resistance would then be twoohms.
the resistivity two ohm-meters. The range of resistivities displayed
by unconsolidated materials at temperate ambient temperature*
usually lies between one ohm-meter and one thousand ohm-meter*:
the resistivity of rocks can vary from a few tens of ohm-meiers to as
high as 100.000 chm-meters, discussed in further detail in Section
IV.

The reciprocal of the electrical resistivity of our sample is defined
as the electrical conductivity. In the MKS system the unit of con-
ductivity is the mho per meter and a resistivity of one ohm-meter
exhibits a conductivity of one mho per meter. 100 ohm-meters i%
equivalent to a conductivity of 0.01 mhos per meter, etc. The
electromagnetic instruments actually measure terrain cumluviiviiy
rather than resistivity and for this reason much of the remainder of
this technical note will be concerned with the conductivity of vari-
ous terrain materials rather than the resistivity.

It was siated above that a resistivity of 100 ohm-meters corre-
sponds to a conductivity of 0.01 mhos per meter. To avoid the
inconvenience of having zeros immediately following the decimal
point all conductivities will be expressed in millimhos per meter a
conductivity of .01 mhos per meter corresponds to 10 mi Hi mhos per
meter* etc. This has the advantage that the range of resistivities from
I to 1.000 ohm-meters is covered by the range of conductivities from
1.000 to I millimhos per meter and such numbers are easily handled.
Table I lists the conversion from resistivity and conductivity in
various units to conductivity in millimhos per meter.

In the experiments described above a direct current was em*
ployed.-Hud we used an alternating current and varied the fre-
quency we might have discovered that the electrical properties of
the sample varied with frequency. In reality soils and rocks are
complex substances in which there are many (some poorly under*
stood) mechanisms which govern the mode of current flow through
the sample 11-5|.

TAILI I. Resistivity/conductivity unit conversion
factors.

mhos/meter x 1000
1000

ohm-ccniimcw*
14 clycirouaik units

T"|V"
s clccirouatic units

9~x~ii)'"

• millimhos/metcr

• millimhox/rncier

• millimhos/mcter

• millimhos/mctef

Fonunately. for materials with conductiviiy of the order of one to
1.000 millimhos per meter the electrical properties which control the
current How are relatively independent of frequency and ihe DC or
low frequency conductiviiy measured wiih conventional relativity
equipment will be essentially the same as that measured using low
frequency electromagnetic techniques.

Finally it should be noted lhal measurement of the electrical
conductivity or resistivity of geological sample* is. in reality, a *er>
difficult procedure requiring much more complex equipment than
the simple tank referred to above.

III. FACTORS AFFECTING TERRAIN CONUlCTmn

Most soil and rock minerals are electrical in^uLjiur* of \<i\ r..p-r.
resistivity. However on rare occasions conducive miner j\\ ^n j*
magnetite, specular hematite, carbon. ^raphue. pvri te a.ij jut:.-«.-
tile occur in sufficient quantities in rock-* to yriMtli mere** irw..-
overall conductivity. Thi- note a^umes tlut iu.'A m.rxrj* ^<
absent.

In general ihe conductivity t- electrolytic jnj u*c\ puce :n:tv»a
the moisture-h*lied pores anJ passes *hicn a.*e CJM->..-«eu »>:r..a
the insulating mairi.v The conductivity ^ tRerefxe Cw:.-r.T..r^J i**
both rocks and soil* hy
(I) porosity: stupe jnJ M/C *ii fwcv n-nir<r. >..•; fc-̂ * ».*„,•< ^

interconnecting fw*-w,.v
l2l ihe extent to which poles oic WU:J r> •*.»£« ,.t ir-c ,T*,*;«-C

content
(3) concentration of' Otsx/lieJ etecuui>ict *n u* »\<u_t_--;j .r--.»

lure-
(4) temperature jiul ptux \u;< ui (n« ̂ xc^-;<r
(5) amount and composition of c^lU>.J>

Since the constituent, siructurr. jnJ ir«:l_j.-j .:.-..;„•; v; w^i **
rock are of ^real importance in Jeierm.n.r.; i.v .»•---:-»:,..:.. ir.,»
section will Jiwim the venous phyic^l .̂-.J cftc.i-,*. r.\.-x;t^»..-.
sul'iicient detail to illiterate ho*» they oilcct tne .T :̂C:-«; ,k.-»;—•„..
ity.

III. 1. Soil Constituent*
Soils consist basically of four component* ru.T.c>f ... -T-.V:-:

material (ii) organic materbliiiii^uier^nj«i« tf^^f\
Figure 2 shows schemalicall> the teLu\e ru>r\«i^..i *4 i.v»*

components in an unsaiurated loam %oit ito Nr vcX-.cJ L:c:t 1,-̂
illustration refers to a temperate /one wil: lor hunuJ ic,-^ ^ ,
about 45% of the solid space may be occupied hv cl*> aunci«i» .̂--J
5% by organic matter.

Theminerdl fraction of a soil can be extremely \*i iarlc.ru>- c%<:
some generalizations can be made ba>ed on yrain %uc \t\:
sand size range - moMly quartz, \mall am»uni> oi lei Jsfw jnJ mt.u *

present, all grains coated to some extent *uh ium
and aluminum oxide (the ruM> redJibh-btu« n col-
our observed is due to the Jroni.

sill size range - quartz still dominant, less leldtpar and mica ttun
in the sand fraction, more iron and aluminum

Mineral
Material

Note: I Siemen (S) - I mho

KitiUHi. 3. The vulumetrie compmiliun ofa loam %uil when e.\ccM »jlei h-%
been rerrutvtfj. On a wcighi b;i>iN ihc p«reem;ivv cum(x>sitnm of ihe di> ^-^
wtHilt] be: or^anie nutter JfA. tby 22%. -*tli 44'i anJ -and ^/,; uiut I K
Webber |6|).
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TABU 3. The caiiort exchange capacity (CEC) and
colloid content of five soils of different textures (after

L. R. Webber (6)).

FIGURE 3. U.S."Department of Agriculture textural classification triangle
with axes added. The point P represents a clay (soil) containing 50 per cent
clay. 20 per cent sill, and 30 per cent sand (after D. Kirkham [7]).

oxides in the form of coatings due to the greater
panicle surface area on which the coatings may
reside.

clay size range-finely divided quartz, feldspar, mica, iron and
aluminum oxides, all of which appear in (he
coarser part of the clay fraction (0.002 millimeters
- 0.001 millimeters in diameter): the finer part (less
than 0.001 millimeters) Is colloidal and consists
mainly of layer silicates with smaller amounts of
iron and aluminum oxides.

As indicated above soils are classified on the basis of texture or
grain size independently of (he mineralogical content of each pani-
cle size component. Sand is defined as particles with diameters
between 0.03 millimeters and 2 millimeters, silt has diameters be-
tween 0.002 millimeters and 0.05 millimeters and clay has diameters
less than 0.002 millimeters. Figure 3 shows the classification triangle
for various types of soil and is useful as ii allows an estimate of the
clay content which often consists essentially of clay minerals which
affect Ihe soil conductivity.

The minerals in the sand and sill fraciiun* of the soil are electri-
cally neutral and are generally excellent insulators. Completely dry
clay is also an insulator but the introduction of moisture changes the
situation radically. Gay consists of microscopically fine panicles

TABLE 2. Exchange capacity of common clays
(after Keller and Frischknechi |5])

Clay

Kaolinile
Halloy«ile.2H,O
Halloylile . 4H,O
Montmorillonite
Ml. >e
Vermiculile
Chlorite
Allapulfite

Exchange Capacity

3 to 15 m-equiv/100 g
5 to 10

40to50
80to ISO
10 IK 40

100 1 110
10 i -10
20... 10

Organic Matter Cllv
Soil Texture

Sand
Sandy loam
Loam
Silt loam
Gay loam

ft

1.7
}.:
4.9
5.4
5.5

7,
7

13.2
16. S
18.4
31.2

CEC'
me,' 100 i

6.3
13.7
20.2
24.0
27.2

•The cation exchange capacity of a soil is expressed
in terms of mill [equivalents per 100 grams or soil
(meg/100 £}. A milItcquivalent is denned as t.O milli-
gram of hydrogen or the amount of any other clement
that will combine with or displace it. The mtlliequiv-
aleni weight of any element may be found as follows:
atomic weighi of element .,.

valence of element * 1000 * ™»'«]U'valeni weight

exhibiting a sheet-like structure, for which reason clays are often
called "layer silicates". Composed of stable secondary minerals
thai have formed as a result of weathering of primary minerals such
as feldspar, mica. etc. the particles are so fine-grained that they are
described as micro-crystals.

Their crystalline structure i* such that, as a result of crystal
imperfections, the surface appears to be negatively charged (5).
During the formation of (he clay through weathering, positive
charges (cations) are adsorbed to the surface. These cations (typi-
cally Ca. Mg. H. K. Na. NH,) are loosely held to the surface and can
subsequently be exchanged for other cations or essentially go into
solution should the clay be mixed with water. For this reason they
are called exchangeable ions and the cation exchange capacity
(CEC) of the soil is a measure of the number of cations that are
required to neutralize the clay particle as a whole i.e. the weight of
ions in milliequivalents adsorbed per 100 grams of clay.

The exchange capacities of some common clays are given in
Table 2 and of some different soil textures in Table 3. It is seen from
Table 3 that the cation exchange capacity increases with clay con-
tent and from Table 2 that this will depend on the type of clay.

Cay minerals are not the only materials which have cation ex-
change capacity; indeed any fine-grained mineral including quaru
displays this property. The special significance of clay in this re-
spect is thai, because of the extremely small particle size, the
surface urea per unit volume of clay is very large and a greut many
ions are adsorbed. It will be seen in ihe next section that these
adsorbed ions can contribute appreciably 10 (he soil conductivity
which thus becomes a function of the clay content.

The organic matter include* the remain* of plant and animal life in
the soil. The end products uf decay accumulate as a blackish.
lincly-diviJcd colloidal substance known a* humus (6j which has
large surface area per unit volume, lakes up large amounts of water
and can develop a negative electrical charge uf varying intensi ty.
Little is known of the effects of .such colloidal characteristics on the
electrical conductivity of humus hut they may be significant.

The important influence of soil muiMure on the electrical conduc-
t iv i ty of soils is discussed at Icnyth in a later section.

The direct effect of soil gases on conductivity is negligible, how-
ever the indirect effect of CU> is important and is also described in u
later section.

111. 2. Formation of Soils [8{ and Soil Profiles [t\
Soils are the result of mechanical, chemical, and biological

weathering processes acting on surficial materials in such a way as to
grossly alter their physical anil chemical properties. In the process
of decomposition of parent materials new and stable substances
such as clay minerals and huntic materials are formed.

As an example of Ihe weathering pi.iee;>\ consider Ihe chemical



' athering of orthoclase feldspar (an important constituent of gran-
ites and other intrusive rocks) to kaolinite, a clay. Atmospheric

trbon dioxide is slightly soluble in water so as to form carbonic
d.

CO2
Carbon
dioxide

= H2CO,
Carbonic

acid

(1)

H,COj ^ H* + HCOJ
Hydrogen Bicarbonate

ion ion

The bicarbonate ion and water combine with the feldspar to form
aolinite. dissolved silica, free potassium ions and free bicarbonate
u

2K Al SijO, + 2H* -r 2HCOJ -I- H,0 ——>• (3)
Orthoclase

feldspar

,._ Al,SijOi(OH)4 + 4 SiO, + 2K* + 2HCOJ
Kaolinile Silica Potassium Bicarbonate

ion ion

The formula for kaolinite can also be written in the following
anner

AljOj • 2SiO, • 2HjO

M> show that it consists of alumina, silica, and water.
•These equations illustrate three important points: (i) The potas-

ium and silica produced by dissolving the feldspar appear as dis-
olved material. Note that the potassium, convened to a potassium

ion, goes into solution and may or may not be present depending on
the drainage, (ii) Water is used up in the reaction; it is absorbed into
ic kaolinite structure, (iii) Hydrogen ions are used up in the reac-
ion and the solution becomes more basic (i.e. less acidic) as the
action proceeds. All of the reactions described herein affect the

.ectrical properties of the soil by varying either the clay content or
he ionic type and concentration in the soil water.

Now let us examine how various factors control this weathering
i/rocess. The production of soQ is a positive feedback process in that
once a thin veneer of soil forms, the parent material weathers more
apidly, and more soil is formed. Suppose for example that w< have
i thin layer of soil on granite. This layer retains moisture which

supplies both water that converts carbon dioxide to carbonic acid
and water that is hydrated to form kaolinite. Other acids present in
he soil contribute additional supplies of hydrogen ion to convert
nore feldspar to kaolinite as Ihe equations indicate. Plant roots and
>he process of bacterial decay produce quantities of carbon dioxide
lo yield more carbonic acid (the amount of carbon dioxide in soil can
'* as much as ten limes greater than that of rainwater, which makes
(oil water a particularly efficient dissolverof feldspars).

The speed of weathering is a function of climatic type since the
rale at which chemical reactions proceed increases with tempera-
lure and, more importantly, biological process also proceed faster
with higher temperature. Furthermore, since water is needed for the
weathering reactions and vegetation grows more lushly in humid
climates weathering is most intense in tropical climates which are
wet and warm. The surface water resulting from rainfall percolates
downwards through the soil, which is more or less permeable, and
as it passes reacts chemically with minerals within the soil. The
higher the rainfall Ihe more water is available and the more the

A small amount of the carbonic acid dissociates so as to produce a
"drogen ion and a bicarbonate ion

(2)

A
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FlGUU 4. Normal or zonal soil profile (after G.B. Maxey [9]).

minerals will react with the undersaturated water. The longer the
time the water percolates through, the more lime it has to react
chemically and again the higher the temperature, the faster the
reaction rates.

As a result of these factors tropical soils lend to be thick. Well
drained soils tend to be devoid of most unstable minerals. Arid soils
contain a variety of minerals. The clay minerals which form are a
function of temperature and humidity and there is a tendency for
different clays to form in the various climatic bells [ 10].

As long as there is rainfall and the temperatures are not loo low
there is a tendency for soils to form a layered structure. In general
three different regions or horizons are recognized as we move down
through Ihe soil profile, usually designated by the letters A, B, and
C. These horizons can vary in thickness from a centimeter to several
meters or lens of meters and duTerin colour, texture, structure, and
other properties.

The chief characteristics of a profile are illustrated in Figure 4.
The A horizon, closest to the surface, is the most intensely weath-
ered and has Ihe soluble minerals leached out and most other miner-
als altered. This layer usually contains much humus, which contri-
butes to its dark colour. Structurally it is friable, granular, or platey.
When either friable or granular this horizon is permeable, much
more so than the underlying B horizon which is generally a zone of
clay accumulation, some of which was formed in-situ and some of
which was transported downwards from the A zone by the soil
water. The B horizon generally displays a vertical structure in

. widely or closely spaced joints and it is this horizon that exerts the
greatest influence on water movement vertically downwards. When
the clay is dry these joints allow rapid downwards movement but
when the clay is wet it expands and can close the joints to make the
layer impermeable, which may in turn cause the A horizon to
become saturated for appreciable periods of time. The C horizon
consists of less-weathered parent material and is usually relatively
permeable [9).

This layering, with its relatively clay-free A horizon and clay-rich
B horizon, greatly influences the vertical profile of electrical con-
ductivity which will be seen to be a function of both clay and water
content.

III. 3. SoU Moisture
U was noted at Ihe beginning of this section that Ihe electrical

conductivity of soils and rocks was primarily electrolytic and look
place through the moisture filled pores and passages which lie within
the matrix of insulating minerals. For this reason a knowledge of the
way in which soil moisture is distributed in typical terrain is impor-
tant in understanding terrain conductivity.

When rainwater or irrigation falls on Ihe surface of Ihe soil a
fraction runs off directly as surface runoff and the remainder perco-
lates directly into Ihe soil. A fraction of this moisture is retained by
the soil, Ihe remainder moves vertically downwards under the force



of gravity until it reaches the water table. In a soil moisture profile it
is generally possible to distinguish Tour stages of moisture occur-
rence depending on the relative continuity of the moisture films
across the soil grains [II] as shown in Figure 5. In the uppermost
region we have the pendular slate in which the pore space is largely
Ailed with water vapour. The actual liquid water exists only in very
small isolated rings around the grain contacts and a continuous path
does not exist between the various moisture occurrences. At greater
depth we have the funicular stage in which the pendular rings have
coalesced to the point where the liquid films have just become
continuous throughout the pore space and entirely enclose or en-
capsulate the vapour phase. Across the sample the moisture path is
now continuous. Again further down, in the capillary stage, all pore
spaces are occupied by liquid but the liquid pressure within the
pores is less than the total pressure caused by gravity since capillary
action within the fine pore spaces has caused the moisture to ascend
into these pore spaces. Capillary rise, determined effectively by
pore size and lyx* seldom exceeds several meters. Finally we
arrive at the phreatic surface (water table) at which the atmospheric
pressure is in equilibrium with the hydrostatic pressure. All pores
within the phreatic surface are completely rilled with liquid under
hydrostatic pressure and this is the region of groundwuter. also
known as the zone of saturation. The three regions above the
phrealic surface are collectively referred to as soil moisture, sus-
pended water, vadose water, or zone of aeration.

Figure i also illustrates typically the fraction of pore space filled
- oy liquid in the different zones.

A term that is often used in discussing the moisture content of
soils is field capacity. Suppose that the water table is very deep
below a surface soil of homogenous nature. After a heavy rainfall or
irrigation the moisture content reaches a quasi-equilibrium condi-
tion in one to three days. As the water percolates down through the
soil on its way to the water table capillary forces will retain a certain
fraction of the.moisture in the small pore spaces. This is the field

TA«H J. PcrmtibNiiy of joils (jficr D. K. Todd (12))
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capacity and it is the moisture content of the soil after the gravita-
tional water has been removed by deep seepage.

Note that in the event lhal we have a layered situation in which a
soil with very fine pores overlies more granular material, both being
far removed from the water table, moisture content of the upper
layer will be many limes that of jhe lower which, as will be seen
later, affects the electrical conductivity.

Groundwuter is free to move laterally with velocities ranging from
a meter or more per day to less than a meter per year, depending on
the hydraulic pressure differential and the permeability of the mate-
rial. Tuble 4 illustrates the permeability of various materials in
Cations per day per square foot of cross-sect ion per fool of hydraulic
heud per lateral fool of distance. It is seen from the Table that for soil
materials a factor of 10'* separates permeable from impermeable
maieriiils. The saturated hydraulic conductivity decreases with clay
content, increasing compaction, and decreasing radius of the soil
pores.

The laws of hydraulic movement of water produce a water table
which in general is not horizontal and in fact is often a subdued
version oflhe local topography, all other factors being equal. Two
examples are shown in Figure 6; for the humid zone the moisture
moves from topographic high regions down to the draining streams
whereas in an arid zone the moisture moves downwards away from
the streams.

The wide ranges of permeability greatly influence the final profile
oflhe water table or phreatic zone sometimes leading, for example,
to the occurrence of a perched water table as shown in Figure 7.
Again such layering will be seen subsequently to influence the
electrical properties.

It will be shown in Section IV that the electrical conductivity of
soils and rocks depends on the porosity and on the degree to which
the pores are filled with moisture. Figure 2 showed the volumetric
composition of a loam soil from which the excess water has been
removed i.e. the soil is undersaturated. We see thai in this temperate
zone example approximately 50% of the soil is occupied by either
gas or capillary water. This division into about 50^ solids is fairly
typicalof most soils.

• (fall of the moisture in a soil sample is removed by drying, the
ratio of the empty volume to the total volume of the soil matrix is
known as the soil porosity, a parameter that is relevant to the soil
conductivity. Table 5 illustrates the porosity for a variety of typical
terrain materials.

Humid profile
Gaining streams

Arid profile
Losing streams

KICUHL 3. Liquid occurrence in suiK t-ilier P. Mcyhoom 1111>.
KIUUKL 6. Profile of waier lahles in nriJ unj humiJ /un<\ ,;il"ier G. B.
M;iAey|y|>.
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TAIU 7. Mobility of common
ions jl 23'C (after Keiler and

Frischkncchl [5J)

T ;ute 7. Water-table conditions - unconfined aquifers (after I.C. Brown
I ).

TA»LI i. Representative porosity range* for
sedimentary materials (after D. K. Todd (121)

Material Porosity. 7*

Soils ' 50-40
Clay 45-55
Sill 40-50
Medium to coarse mixed sand 35-40
Uniform sand X-tO
Fine to medium mixed sand 30-35
Gravel 30-10
Gravel and sand 20-33
Sandstone • 10-20
Shale 1-10
Limestone 1-10

"able 6 gives further data on porosity and also indicates the value
he.ratio p, (mixture resistivity) divided byp, (electrolyte resis-

tivity) about which more will be said later in Sections IV and V.
It is obvious that the degree of compaction of a soil will affect the
;nitude of the soil porosity.

ELECTRICAL CONDUCTIVITY OF SOILS AND ROCKS

n Section III it was noted that the conductivity of soils and rocks
r ; principally electrolytic. This section will discuss the param-
eters that determine the conductivity of electrolytes and the effects
"' it arise when electrolytes are present in both clay-free and clay-

i soils and rocks.

IV. ]. Properties of Electrolytes
As an'introduction suppose we empty our hypothetical tank of
lion 11 and refill it with distilled water. The measured conductiv-

TAIU 4. Porosity of soils and rocks (after C A. Helland [14])

Rock or Formation

Igneous and mcumorphic rocks
Dense limestones and sandstones
Clays and sands in general
Porous clays, sands, sandstone,

cellular limestones, and dolomites
Marl, loess, clay, and undy soil
Peal, diatomaceous earth

Porosity

T-2
3- 4
1-15

IJ-40
40-75
10-90

Ratio -

100
50 -100
2 0 - 4 0

3 - 2 0
1.5- 4
1.0- 1.5

ion

H-
OH-
so.-
Na'
ci-
K*
NO,-
Li'
HCO,- .

Mobility
(m'/sec V)

36.2 ID-
20. 5
8.3
5.2
7.9
7.«
7.4
4.0
4.6

10-
10-
10-
10-
10-
10-
10-
10-

ity is very low. If however a small amount of table salt (NaCI) is
dissolved in the distilled water the conductivity increases substan-
tially.

The conductivity of an electrolyte is proponionalboth to the total
number of charge carriers (ions) in the solution and their velocity. In
distilled water there are few ions and the conductivity is low. The
dissolved sodium chloride molecules dissociate to form both posi-
tively charged sodium ions and negatively charged chloride ions
which greatly increase the conductivity.

When a voltage is applied between the two end plates an electric
field is established in the lank: the positively charged ions are
attracted towards the negative plate, the negatively charged ions to
the positive plate. The velocity of the ions is effectively controlled
by the viscosity of the fluid. This velocity is slightly different for
different ions since it depends upon their effective diameter, as
illustrated in Table 7, where it can be seen that chloride ions move
slightly more rapidly than the sodium ions.

In a sodium chloride solution the amount of current that flows,
and therefore the electrical conductivity, is proportional to the sum
of the number of sodium ibns'mulliplied by their mobility'lvelocity
per unit electric field) and the number of chloride ions multiplied by
their mobility.

The further addition of different salts to our tank would increase
the electrical conductivity independently of the presence of the
sodium and chlorine ions as long as the concentrations remain
reasonably dilute. The following equation is often used to calculate
the approximate electrical conductivity in mhos per meter of a dilute
solution of various salts at normal ambient temperatures:

« - 9650p[C,M, + C2M2 + ...] = 96500 £ C,M, (4)

where Ct — no. of gram equivalent weights of
i" ion per 10* cm1 of water

MI m mobility of i" ion in meters per
second per volt per meter.

For example, suppose that one gram of salt is dissolved in our
lank which holds 10* cm' of water. The atomic weight of sodium is
23. of chlorine is 35. so the atomic weight of sodium chloride is 23 +
35 - 58. Since we have introduced one gram of sodium chloride we
have introduced

•rr grams of sodium and — grams of chlorine,jo jc>

The gram equivalent weight of an ton is the atomic or molecular
weight of the ion divided by its valence. In the case of both sodium
and chlorine the valence is one so the gram equivalent weight of
sodium is 23 grams, ofchlorine 35 grams.



fhen the number of gram equivalent weights of sodium per 10* cmJ

water is given by

c _ *tight of Na per 10* cm' H,O _ 23/58 g 1
"" ™ gram equivalent weight "23 58

>nd that for chlorine is given by

weight of Cl per 10* cm' H;O
gram equivalent weight

35/58
~35~"

_
58

Using the data from Table 7 Tor the mobilities at 25* C we find that
the conductivity for one gram of sodium chloride in 10* cm1 of water

; given by

« « ^Oof^r x 5.2 x 101 + ~r x 7.9 x lO'l

« 0.00022 mho/m. (5)

The addition of only one pan per million of sodium chloride by
eight has produced the appreciable conductivity of 0.22 millimhos

per meter.
The concentration of dissolved salts in natural groundwaters is
ibstaniiaily higher than one part per million, as a result of which
.eir conductivity is much greater than 0.22 millimhos per meter.

For example Table 8 illustrates the contribution of various ions to
he measured conductivity .of three of the Great Lakes. Lakes Erie
nd Huron which both occur in regions of Paleozoic carbonate rocks
amain more dissolved salts than Lake Superior which is situated

largely in Precambrian crystalline rocks, and this is reflected in the
'•igher conductivities of the first two lakes. The bottom line of the

kble gives the measured conductivity: agreement with the calcu-
ited values using the above equations is good.
The following data from Heiland(14] illustrates typical values for-

he conductivity of various natural waters.
. Meteoric waters, derived from precipitation; 1 to 30 millimhos

per meter.
^ . Surface waters (lakes, rivers) vary from 0.3 millimhos per meter •

for very pure water to as large as 10,000 millimhos per meter for
salt lakes; Surface waters in districts of igneous, rocks are esti-
mated to range from 2 to 30 millimho* per meter, surface waters
in areas of sedimentary rocks vary from 10 to 100 millimhos per
meter (compare the Great Lakes above).

. Soil waters (discharged into the atmosphere by evaporation) may
be as large as 10,000 millimhos per meter but their average is
around 10 millimhos per meter. •

1. Normal groundwater in areas of igneous rock ranges from 6 to 30

TAIU S. ConductivityofCreatLakeswithcoouibution
of the various ions (after 1_ H: Doherty (151)

Ion

HCO,
Ci
M,
Naa
SO.
Calculated Conductivity

(mmhos/m)
Measured Conductivity

(mmhos/m)

Lake
Erie

3.1
10.1
3.6
1.1
3.»
3.4

21.6

26.7

lake
Huron

4.1
7.3
J.2
0.6
1.2
I.I

11.2

11.2

Like
Superior

2.6
3.!
1.4
0.2
0.2
0.3
9.5

1.4

millimhos per meter and in areas of sedimentary rocks to as targe
as 1,000 millimhos per meter.

5. Mine waters (copper, zinc, etc., sulfates) are of high conductiv-
ity, generally not less than 3.000 millimhos per meter.

The tempera lure dependence of the electrical conductivity of the
electrolyte is almost entirely due to the temperature dependence of
the viscosity of the liquid, which in turn directly affects the ionic
mobility. The variation of either quantity with temperature is ap-
proximately linear over normal ambient temperatures. The temper-
ature coefficient for a sodium chloride solution is 0.022 which value
applies approximately to most other tons so that the electrolyte
conductivity for a temperature other than 25*C is given by

o(T) - c,(25*C)[I + flT - 25')]

where 0 - 2.2 x 10~a pcr'C
T *• temperature (6C) at which conductivity

is to be calculated.

A change of conductivity of 2.2% per degree centigrade implies
that a change in temperature of 40*C will cause the conductivity to
nearly double. The effect of temperature is illustrated in Figure 8
which shows calculated conductivity of four of the Great Lakes as a
function of season.

The change of conductivity with temperature and therefore with
season is not negligible and this applies equally well to ground
conductivity over the normal range of ambient temperatures.

IV. J- Conductivity of Saturated Clean (Clay-Frw) Mixtures
We have examined how the electrical conductivity of the elec-

trolyte in our lank varies with the concentration of dissolved salts
and with temperature. Let us now start to fill the tank with perfectly
insulating spheres of uniform radius (for example uniform pebbles).
Assume for the time being that we can maintain these spheres
uniformly dispersed throughout the solution. Since the spheres are
insulating, the electrical current will find it more difficult to cross the
tank and the conductivity will be reduced. A relationship was de-
rived by Maxwell for the conductivity <rmof a mixture consisting of a
medium with conductivity a, in which spherical grains of conduc-

FIGURE X. S«a*oiul vari3iionorcontluciiviiyi.tn.aktT*Ontario. Erie. Huron
ami Superior tetter L.H. Dohcny|l3|).



tivily <r, (here assumed lo b« zero) are imbedded in regular arrange-
ment and in such a manner [hat their spacing is large compared wi th
their radius [14]. Letting n be the porosity of [he mixture (defined as
the ratio of the volume of solution only, divided by the total volume
of the solution including the spheres) Maxwell showed that the
conductivity or the muture was given by

(7)

In Section II it was shown that the conductance of a current path
is directjy proportional to the cross-sectional area and inversely
proportional to the length. The addition or insulating spheres to the
tank tends to reduce the cross-sectional area available for current
flow and to increase the effective length or the current paths, reduc-
ing the overall conductivity.

This dilute mixture does not resemble a soil so we continue to add
insulating spheres until the tank is full. The condition Tor Maxwell's
derivation, that the inter-panicle distance be large compared with
the panicle radius, is invalid and the above equation can no longer be
expected to apply. It turns out however that an almost equally
simple empirical relationship called Archie's Law [5] is applicable to
clean (i.e. clay-free) saturated mixtures. This equation is

(8)

where n is the fractional porosity defined above and m is a constant.
The reciprocal quantity p,/p, is often called the formation factor
(FF) of the rock or soil sample.

Originally derived from resistivity measurements on samples of
consolidated porous rock, this equation also applies to a variety of
unconsolidated materials. That such a simple law should give ex-
cellent results for a variety of both consolidated and unconsolidated
materials with widely differing porosities is a surprise and indeed the
underlying reasons for its success are not well understood [4]. It has
be«n established [16] that in the case of marine sands the exponent m
is dependent on the shape of the particles, increasing as they be-
come less spherical (i.e. more platey) and that variations in the slzt
of the panicles and in the duptrsion of sizes appear to have a very
small effect.

Values of m are listed in Table 9 where it is seen that m varies from
1.2 for insulating spheres to 1.83 for very platey fragments of shell.
Samples of natural sands have values in the range 1.4 to 1.6. The
value of 1.85 for shell fragments is in good agreement with earlier
measurements made on kaolinite particles and marine illite clays.
This fact may or may not be significant for clays in normal soils
depending on the extent to which ion exchange effects also con-
tribute to the conductivity as discussed further on in this section.

Archie's Law for various exponents is plotted in Figure 9 along
with Maxwell's Law. Over the range of porosities of most uncun-
solidatfd terrain materials (20% to 70% - see Tables 5 and 6) the
different exponents do not greatly affect the mixture conductivity.
Interestingly enough. Maxwell's Law gives excellent agreement
with Archie's Law with exponent m - 1.3 over all ranges of porus-
iiy.

It would appear that for relatively clay-free substances located
beneath the water table (so that the mixture is completely saturated)
the primary matrix property measured through the electrical con-
ductivity is the porosity of the matrix, essentially independent of the
panicle size or the panicle size distribution. This explains why it is a
relatively difficult matter using resistivity techniques to distinguish
between sand and gravel. As long as the porosity is the same for both
sand and gravel the resistivity or conductivity contrast may be quite
small.

Another point is that if the porosity is assumed to vary from 20%
lo 70% the conductivity of the mixture varies by a factor of ap-
proximately 8, depending somewhat on which value of exponent is

TAILS 9. The effect of panicle lhapc on the FF;'n rcbuon usinf aruriciaj
samples of decreasing iphericity. (after P. D. Jaduon et al. (16]}

Sample Mean size
no.

Spheres
Rounded sand
Shaley sand
Shell fragments

f

0.38
0.38
0.50
0.38

Spread of
sizes

0.17
0.17
0.34
0.17

Sphericity

1.0
O.SJ
0.78
0.5

Best fit A/chic
line FF . n"

m ± 0.01

i.:o
I.JO
1.5:
I.S5

m -log] (diameter in mm).

adopted. Even in clean mixtures we do not expect a large range of
conductivities and experimentally this has been confirmed.

Figure.9 is useful for the following type of calculation: in many
glacial deposits gravel appears as pebbles (of the order of a few
centimeters in diameter) dispersed throughout a mixture of finer
relatively clean sand. How docs the presence of this gravel modify
the mixture conductivity? To obtain an approximate answer let us
assume that the sand itself has a porosity of 30%. Using Archie's
Law with m - 1.6 the electrical conductivity of the sand/water
mixture will be 15% of the conductivity of the water. Assuming a
water conductivity of 20 mJIIimhos per meter gives a conductivity for
the mixture of 3 millimhos per meter, a not uncommon value. We
use this value in conjunction with Figure 9 to determine the effect of
introducing pebbles into the mixture. If for example the pebbles
occupy 50% of the volume the conductivity of the mixture will fall to
one-third or approximately 1 millimho per meter, also a value that
commonly occurs in actual practice. As will be seen later the addi-
tion of a relatively small amount of clay can increase these numbers
by virtue of increasing the conductivity of the pore water but the
relative values may well be similar.

IV. 3. Conductivity of Unsaturated Clean Mixtures
For Archie's Law to apply the material must be fully saturated

with fluid. If the mixture is partially saturated the conductivites will
be decreased since gas or air bubbles act as insulating panicles to
further impede ihe current flow. In the funicular stage of soil mois-
ture the pendular rings have coalesced so that the liquid films are
continuous throughout the pore space but only a fraction of ihe
available pore space is filled with water. This moisture varies with
time and temperature as a result of drainage, evaporation, and loss
of water to plant roots.

In the event that the soil is partially desaturated the following
approximate expression applies [3J

(9)

where s is the fraction of total pore volume filled with electrolyte ami
n is a parameter experimentally determined to be approximately 2.
This expression is equivalent lo Archie's Law with m « 2 and
indicates as seen from Figure 9 that if a small fraction of the total
pore volume is filled with water the conductivity can be very low.

More recent work on soils has shown that the electrical conduc-
tivity varies as follows with moisture content when ihe soil is par-
tially desaturated [17]

» + b) + a, (10)

where B is the volumetric water content (cm1 of water per cm1 of
soil), a and b are constants which depend on the soil texture, and <rt
is a contribution from "surface conductivity" which will tx di»-
cussed under Colloidal Conductivity. The values of the empirically
determined constants a and b for a variety of soils are shown in
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TA»LE 10. Measured moisture content constants and
surface conductivities (after J. D. Rhoadcs et al. {17])

Soil type a b •.

r (fractiofiol volume af solid)

Ficuu9. Graph of Archie's Law and Maxwell's Law.

Table 10 from which it is seen thai except for very low moisture the
relationship is essentially a square law with mosture content.

It has been suggested by Rhoades et al [17] that it might be
possible to estimate the values of o*,, a. and b on the basis of soil
texture and mineralogy and, given a measurement of the bulk soil
conductivity and the moisture content, to determine the conductiv-
ity of the fluid and thus salinity.

IV. 4. Electrical Layering Arising from Soil Moisture
From the preceding paragraphs we observe that, even if the soil

material is physically homogeneous, for example consists of clean
well*soned sill, as soon as we introduce soil moisture of finite
electrical conductivity we have established a medium in which the
electrical conducvitity can vary strongly with depth. Near surface
where the moisture content is low the conductivity is also low. With

Pachappa fsl
Indio vfsl
Waukcna 1
Domino c!

1.382
1.287
1.403
2.134

-0.093
-0.116
-0.064
-0.:45

mmho/cm
0.11
0.23
0.40
0.40

increasing depth the conductivity rises rapidly as the moisture films
become continuous, then more slowly as the available pore volume
suns to fill, eventually saturating with complete filling of the pores.
This situation will be rendered even more complex if the porosity
itself is, as is often the case, a function of depth as suggested by the
profile of Figure 4.

IV. 5. Colloidal Conductivity
It will be recalled that for clays the cation exchange capacity

(CEC) was a measure of the number of ions adsorbed to the surface
of clay panicles. When the clay panicles are immersed in a liquid
there is evidence lo show that these adsorbed ions can partially
dissociate themselves from the clay panicles and become available
for ionic conductivity. Since the ion exchange capacity of clays can
be great due to their large surface area many ions may be supplied
for electrical conductivity; the addition of a small amount of clay lo
an otherwise clean mixture can substantially increase the electricaJ
conductivity.

The addition of clay appears lo affect the electrical conductivity
of the mixture in two ways. Repeating equation (10)

"• " «i*(>» + b) + a, • (10)

the added ions increase the value of a, above the value that the
porewater would have in the absence of the clay. Furthermore
although dry clay is highly resistive, as soon as a thin layer of
moisture (perhaps only a few molecules thick) surrounds the clay
panicles ion movement across the surface of the clay panicle within
the cloud of adsorbed ions may occur. This surface contribution to
the conductivity, essentially independent of the moisture content, is
the second term in the equation. It will be most significant at low
moisture contents.

The contribution to o-, from clay content will be most evident for
soils in which the porewater is relatively pure (and therefore has low
conductivity) and will be least effective in soils having highly saline
porewaler. For either contribution we should expect that clays with
higher CEC will produce more conductive soils and a comparison of
Table 11 with Table 2 shows that this is the case

In summary, in areas where the soil porewater is not panicularly
saline the electrical propenies of the soil may be strongly influenced
by and indeed in some cases completely dominated by the amount
and type of clay minerals present. The possible influence of clay
materials should always be kept in mind. It is also possible that a
similar effect arises u a result of the colloidal propenies of humus
which might be imponant in tropical climates where the humus layer
is well leached and contains few clay minerals.

IV. 6. Effects of Freezing on Soil Conductivity
Suppose that we lake our lank, filled with a clean sand/water

mixture, and stun to lower the temperature. The electrical conduc-
tivity of the mixture will decrease in exactly the same way that the
conductivity of the electrolyte does. When the temperature reaches
0*C the water freezes and since the conductivity of ice is extremely
low the conductivity of the mixture falls essentially lo zero.

Now suppose thul in addition lo the sand some clay is introduced
lo the mixture and the temperature is again reduced. As the temper-
ature passes through 0*C some of the water freezes: however the

13



1. Physical properties of typical Upland and Lowland soils in western Puerto Rico (after J. W. Walker et al. [13])

Topographic
location

Uplands

Uplands

Uplands

Lowlands

Lowlands

Lowlands

Sample
no.

1

2

3

4

3

6

Moisture

42

46

23

21

32

23

Conductivity
(mmho/m)

16.0

1.2

1.0

63.0

169.0

269.0

Clastic
material

21

42

5

66

39

13

Clay
fraction

79

58

93

34

61

85

Clay typ«(!)
(7.)

I00£
kaolinite

1005:
kaolinite

1007.
kaolinite

10071
mommorillomte

607.
montrnorillonite

kaoliniie
90%

montmorilloniie
107.

kaolinite

electrical field of the adsorbed ions on the day panicles locally
orients the neaby water molecules to prevent their freezing [17].
Furthermore as the solvent freezes there is a tendency for the
impurity ions to stay within the liquid fraction and the actual electri-
cal conductivity of the remaining liquid water increases with de-
creasing temperature. The net result is that mixtures containing clay
or sills tend to have an eleclrical conductivity which decreases
relatively slowly with temperature as the temperature passes
through 0*C and indeed to retain a moderate conductivity even at
temperatures well below freezing as illustrated in Figure 10.

10*

KS*

BlollU Granit*

Saturated
Sand Gro««l

FotrfaanktSilt

FIGURE 10. Resistivities Tor several soils and one rock type an a fund ion of
temperature (after Hoeksva and McNcill [20|).

IV. 7. Electrical Properties of Rocks
As with unconsolidated materials the matrix of most water-

bearing rocks is insulating and the eleclrical conductivity is also
electrolytic. A major difference between unconsolidated sediments
and rocks lies in the types of pore geometries. For example in
sedimentary rocks the porosity is generally inter-granular and con-
sists of voids still remaining from the compaction process. In igne-
ous rocks the porosity of the rock itself may be extremely small,
however moisture circulates through fractures in the rock which are
the result of mechanical breakage. These cracks are called joints
and may be sufficiently large and/or numerous that their presence
completely dominates the electrical conductivity. Such jointing may
also play a major role in the conductivity of the more impermeable
sedimentary rocks. When large joints are present the local conduc-
tivity may be expected to vary strongly with position. A third form
of porosity which may not make a major contribution to eleclrical
conductivity as normally measured is vugular porosity. It consists
of cavities (as might be caused by solutions circulating in limestone)
interconnected by small pores which dominate the D.C. electrical
behavior. It should be noted that in the case of electromagnetic
excitation of currents direct electrical (ohmic) inter-cavity connec-
tion is not necessary and appreciable response to this excitation may
come from the fluid in euch cavity separately.

Table 12 illustrates normal porosity for various rock types. It is
seen that the total porosity can be very small, of the order of a few
percent, and we would therefore expect, particularly for unfrac-
tured Precambrian igneous rocks and high-ranking metamorphosed
rocks, the electrical conductivity to be very low, as is generally the
case. On the other hand shales may be relatively porous and in
addition the conductivity of the pore water may be high as a result of
ton exchange effects. For this reason shales can be as conductive as
30 to 40 millimhos per meter and in some cases even higher.

Since in general the porosities are smaller for consolidated mate-
rials and furthermore at this end of the scale the various exponents
in Archie's Law have a large effect, it is difficult to predict the
electrical properties of any given rock type.

There is another feature which occurs in sedimentary rocks and
which is of importance in determining their electrical c ha net eris-
tics. Being depositional in nature these rocks are layered and the
electrical conductivity perpendicular to the bedding planes may be
less than the conductivity parallel to the planes.

This feature is illustrated in Table 13 which lists the coefficient of
anisoiropy for various layered rocks. The coefficient is defined in
Figure 11.

Another type of rock conductor called a structural conductor [21)
occurs as a result of fracturing and is often linear in shape. Such
conductors arise in the interior of faults, sheur zones, contact frac*



TA*U 12. Normal ranges in porosity for rocks (after Kellcr and
Frischknecht (5]>

Intcrgranular Joint

Rock type

Paleozoic sandstones and shale
Paleozoic limestones
Paleozoic clastic volcanics
Post Paleozoic sandstones and

shale
Potl-Paleozoic limestones
Post-Paleozoic clastic volcanics
Precambrian sediments and low-

rank metamorphosed sediments
Precambrian igneous rocks and

high-rank metamorphic rocks
More recent igneous rocks

porosity
(7.)
3-30
2-10
J-30

10-40

4-20
10-60
l-l

o-:
0-10

porosity
(7.1
0-1
0-2
0-2
0

0-2
0

0-2

0-2

0-2

Vugular
porosity*

(7.)

0
0
0
0

0
0
0

0

0

•Vugular porosity accounts for an appreciable total porosity only in
rare cases.

FIGURE II. Definition of coefficient of anisotropyU) for layered sediments
(after Keller and Frischknecht (5)).

V
I
I1

IIr

TAJU 13. Coefficients or anisotropy for layered rock (after Kellcr and
Frischknecht [5])

Coefficient
Rock type of anisotropy

Volcanic tuff. Eocene and younger, from Nevada 1.10-1.20
Alluvium, thick sections from the southwestern United 1.02-1.10

States
laierbedded limestones and limey shales from northeastern 2.0 -3.0

Colorado
luerbedded anhydrite and shale, northeastern Colorado '4.0 -7.5
Massive shale beds 1.01-1.05
Intcrbrdded shale and sandstone 1.05-1.15
Baked shale or low-rank slate 1.10-1.60
Slates 1.40-2.25
Bilumcnous coal and mudstone • 1.7-2.6
Aathracite coal and associated rocks 2.0 -2.6
Graphitic slate 2.0 -2.1

low-frequency magnetically induced currents using dipole trans-
mitter and receiver at 10 kHz. and (iii) standard Wenner array at DC.
The measured resistivities are relatively independent of the method
of measurement; the general trend of increasing resistivity with
panicle size should be noted.

A complete set of measurements by Smith-Rose [13] on a variety
of soils from different depths, with different moisture contents, and
measured al various frequencies, shows that at the lower frequen-
cies (i.e. between I and 100 kHz) the conductivity of soils is essen-
tially independent of frequency. At higher frequencies the conduc-
tivity rises and the increase in conductivity is generally greatest for
the most poorly conducting samples. The results of his laboratory
measurements on soil samples taken from various pans of England
are illustrated in Table 18 and profiles of conductivity with depth

TABLX 14. Resistivities of igneous and metamorphic rocks (after W. M.
Telford el al. (22])

Rock type Resistivity range (Om)
lure zones, etc.. where the rock material has been ground into small
panicles which allows increased circulation of groundwater result-
ing in enhanced weathering to produce clay minerals. Structural
conductors occur in a wide range of sizes.

V. EXAMPLES OF CONVENTIONAL MEASUREMENTS OF
SOIL AND ROCK RESISTIVITIES

The material in this section gives a broad indication as to the range
of resistivity or conductivity which might be encountered in various
terrain materials in various climatic zones. Extreme caution must be
exercised in employing these values for anything other than a rough
guide as to anticipated survey results.

As an introduction Table 14 illustrates the resistivities of igneous
ud meianwrphic rocks as given by Telford el al [23). Table 15 lists
iesuiiviiics of sediments from the same source. Table 6. from
Heiland 1141, lists the ratiop,/p« as defined in Section IV for various
consolidated and unconsoltdated materials.

V. 1. Temperate Zones
Table 16 records the ranges of resistivity compiled for different

terrain materials from a variety of survey and laboratory measure-
ax nr,. from Culley el al{23|.

Table 17 from Sellman el al (24} shows survey uala over different
wil types made with three different measurement techniques (i)
r*lio-frcQ,uency magneto-telluric at approximately 300 kHz. (ii)

Granite
Granite porphyry
Feldspar porphyry
Albiie
Syenite
DRvite
Diorite porphyry
Porphyrite
Carbonatized porphyry
Quaru porphyry
Quaru diorite
Porphyry (various)
Daciie
Andesite
Diabase porphyry
Diabase (various)
Lavas
Gabbro
Basalt
Olivine noriie
Peridotile
Hornfels
Schists (calcareous and mica)
Tuffs
Graphite schist
Slates (various)
Gneiss (various)
Marble
Skarn
Quartzites (various)

3 x lO'-IO*
4.3 * IOJ(wet)-I.J « 10* (dry)
4 x 10' (wet)
3 x 10' (wet)-3.3 x 10' (dry)
lO'-IO"
IO--I01

1.9 x I0'(wet>-2.l x 10* (dry)
10-5 x 10* (wet)-3.3 x 10' (dry)
2.5 x 10' (wet>-6 x IV (dry)
3 x IO'-» x 10'
2 x Kr>-2 x 10* (wetH.J x 10' (dry)
60-I04

2 x 10* (wet)
4.5 x IO*(wetH.7 x 10' (dry)
IO'(wetM.7 x 10' Wry)
20-5 x 10'
10'-5 x 10*
10'-IO*
10-1.3 x lO'(ury)
10»-6 x 10- (wet)
3 x 10' (wetW.5 x 10' (dry)
I x 10' (»et>-6 > 10' (dry)
20-104

2 x 10' (wetHO' (dry)
10-10'
6 x lO'-t x 10'
6.1 x 10* |wet>-3 « 10' (dry)
IU'-2.S x I01 (dry)
2.5 x 10' (wet)-:.5 x 10- (dry)
10-2 x 10*



TABLE 15. Resistivities or sediments (after W. M.
Telford et al. [22])

TAOLE 16. Rniiiiviiy nnges Tor various terrain
cl al. |23]1

Rock type Resistivity range (fim)

Consolidated shales
Argilliia
Conglomerates
Sandstones
Limestones
Dolomite
Unconsolidaied wet clay
Marls
Clays
Alluvium and sands
Oil sands

20-2 x 10'
IO-< x 10'
2 x lO'-ICf
1-4.4 x 10'
50-10'
3.3 x IO'-5 x
20
J-70
1-100
10-800
4-800

10'

from these measurements are shown in Figure 12. It is seen from
Table 18 thai the soil type varies rapidly with depth, as does the soil
moisture cement: both of these influence the conductivity profiles.
Smith-Rose concludes that clays have the highest conductivities,
greater than 10 millimhos per meter, loams anil chalks are of the
order or 10 millimhos per meter and sandy ur gritly soils are appreci-
ably less. He also points out that a diurnal temperature range of 20*C
at the surface of the soil represents a temperature change of ap-
proximately r.4*C at a depth of one fool. Measurements made on a
soil sample at 1.2 MHz as a function of moisture content by weight
show a conductivity that increases approximately as the square of
the moisture content.

cx Cloy ond morl
OL Loom
o*. Top soil
ON Clayey soils
9* Sondy soils
B» Loose sands
M River sand and qrovel
em Glacial Till

Chalk
Limestones
Sandstones
Basalt
Crystalline rocks
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V. 2. Tropical Humid Zones [26]
The examples given above have been taken from temperate zun ••

soils and seem to be fairly representative. In the case of sot
occurring in tropical humid climates (annual tempera lures of ir
order of 15*C: annual precipitation of greater than a meter, generally
falling during a pun of the year) the weathering can be very dee—
Indeed, unweutnered parent rock may not occur until 30 meierx
flat country. 60 meters in hilly country and in rare occasions dept.

TAIL* 17. Apparent resistivity data obtained for various material types usin« three measuring techniques (after Sellman et al. {24])
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TABU IS. Measurements of samples or soil Uken from different depihi at various ijics (after R. L. Smith-Ros* [

Sample
No.

90
92
93
94
95
97

104
105
106
107
91
99

100
101
102
103
101
109
110
111
112
113
114
115
116
117
111
119
121
122
123
124
126
125
127
12S
130
129
131
132
133
134
135
136
137
S.7
140
141s.>-
S.2
S 5
139
142
S.4

.S.6
143
144
145
146
147
141

149——
150
151
152
153
154

Site

Ru|by Radio
Station (1)

Rugby Radio
Station (2)

Baldock. Hem
(P.O. Rcceivini Station)

Taisfield. Kent
(B.B.C. Receiving Station)

Brdokmans Park, Hens
(London Regional Station)

Davcnlry
Northants

WashTord Cross, Somerset
(West Regional Station)

Brendon Hills. Somerset

Mcm'valc, Dartmoor, Devon

Dousland, Dartmoor, Devon

Mooniile. Elite. York!
(North Regional Station)

s

Wcstcrclen. Falkirk
(Scottish Regional Station)

Geological
classification Depth

ft.
Lower lias Surface

1
2
3

10
Lower lias Surface

3
5

10
Chalk Surface

1
2
3
5

10
Upper Surface

grcensand 1

3
5

10
London Surface

clay I
2
3
5

(to 10
Upper lias Surface

1
2
3
5

10
Red Marls Surface

2
3
5

10
Devonian Surface

1
2
3
5

10
Granite 1

2
310 10
31010
3 to 10

Devonian Surface
1

Below 1
Below 1

Millstone grit Surface
1
2
3
5

10
Boulder Surface

clay 1
2
3
5

10

Description of sample

Dark fibrous loam
Loam and clay
Clay and sand
Blue clay
Blue clay
Loam
Loam and clay
Blue clay
Clay and sand
Blue clay
Fibrous loam
Chalky loam
Chalk
Chalk
Chalk
Chalk
Fibrous loam
Brown, sandy clay
Brown sand
Light brown sand
Light brown sand
Yellow sand
Fibrous loam
Stony loam
Light sandy day
Sandy clay
Sandy clay
Gay and shint le
Fibrous loam
Sandy loam
Brown sand
Brown sand
Sand and sandstone
Sand and sandstone
Rcddish'brown loam
Reddish-brown clay
Reddish-brown clay
Reddish-brown clay
Reddish'brown day
Reddish-brown clay
Black fibrous loam
Loam and slate
Loam and slate
Loam and slate
Loam and slate
Slate
Gritty loam
Gritty loam
Granite
Granite
Granite
Loam
Dark brown loam
S!ate
Granite
Fibrous loam
Dark grey clay
Dark grey clay
Dark grey clay
Dark grey cby
Yellow and trey clay
Fibrous loam
Fibrous loam
Clay and loam
Dark grit and cby
Dark grit and clay
Dark grit and clay

Moisture
content

per cent
60
33
26
25
23
22
13
27
21
25
21
21
24
27
26
27
37
I '
15
13
20
IS
19
IS
22
22
21
10
28
16
14
5.0
1.5

24
'23
20
II
21
19
15

210
9.0
9.0
1.0
5.5

II
13

47
41

130
60
35
39
19
IS
3S
30
19
IS
IS
15 .

Conductivity it 20*0
Millimho/m

I k H z

33
72
S3
19
67
6.1
9.4

72
61
78
9.4
6.1
I.I
7.2

10. 1
14.4
30
24
20
15.6
26
16.7
10.0
9.4
5.6

12.2
16.7
16.7
9.4
3.1
3.2
1.1
0.8
2.9

16.7
16.7
21.9
52
31
41
14.4
0.3
0.2
O.I
0.0
0.0
1.3
1.6
0.0
0.0
0.0
6.1
2.7
0.0
0.0

13.3
13.3
7.«

12.2
9.4
3.4
6.1

II. 1
12.2
6.7

21
23

lOOLHl

31
71
»

100
n
1.1j.i

n
61
19
10.0
6.1
2.9
7.1

15.6
IS. 6
31
27
22
10.7
26
19
10.6
10.0
7.2

13.3
18.1
17.8
10.6
3.8
3.2
1.2
1.0
3.7

18.9
18.9
31
54
34
50
16.7
0.3o.:
O.I
0.0
0.0
1.3
1.6
O.I
0.1
0.0
6.7
2.7
0.0
0 0

17.1
IS.t
10. 4
16.7
II. 1
1.7
7.2

II. 1
i;.:
7.1 •'24

26
(continued ont)



TAILI IS. (concluded)

Conductivity at 20"C
Millimho.m

CimnlVMfnpM

No. Site

160 Teddington, Middlesex
161 (N.P.L.)
162
163
164
166
163
167 Wychbold. Droitwich
168 (Midland Regional Suiion)
169
170
171
172
I7J
174
175
176
177
I7S
179
110

Geological
classification Dep'.h

ft.
London Surface

clay 1
2
3
5
7

10
Red Marls 1

2
3
5

10
20
30
40
30

100
130
200
230
300

Description of sample

Fibrous loam
Sandy loam
Sandy loam
Fine (ravel
Coarse gravel
Fine sand
Sand and shingle
Red clay and loam
Red clay
Red clay
Red clay and stones
Red clay and stones
Red clay suspension
Red clay suspension
Red clay suspension
Red clay
Grey clay and salt
Red clay and salt
Red clay and salt
Red clay and salt
Red clay and salt

Moisture
content

per c:.il
26
20
1}
6 5
:.»
2.6

20
13
13
14
13
21
31
41
23
27
21
27
24
22
31

1 kHz

II. 1
7.2
6.7
3.6
1.9
1.6

13.3
16.7
34
23
43
41
67
67
61
78

177
—
—
24
7)

100kHz

12.2
7.8
7.2
6.7
2.0
1.6

13.6
20
32
24
31
44
78
78
72
83

233
_
_
26
89

of 250 meters have been observed. The resulting soils are red to
yellow, soft with a high clay content, and with a specific gravity
approximately one-half of that of the parent rock. Compared with
the soils of temperate climates they are thick, humus poor, perme-
able, and have a high clay-silt ratio. Although the clay content is
high this is somewhat compensated for by the fact thai in well
drained soils the clays are kaolinitic and the cation exchange capac-
ity is less than in temperate zones (see Table II) . Iron-rich con-
cretioiuiry horizons culled laterites form as a result of reprecipita-
tion. These are hard, permeable, and if dry are usually very resis-
tive.

The nature and the extent of the soil formation is a function of the
rock type, texture, jointing, surface relief, vegetation, water-table.
and micro-climate. For example, the relative absence of sill is due to
the fact thai fine-grained rocks weather faster than coarse-grained
rocks: the abundance of clay results from the fact that it is a stable
mineral.

Anexcellentseriesofmeasurementsof the electrical properties of
the weathered zones in tropical climates has been carried out by
Palucky and Kadekaru in Brazil [271- The measurements were done

with conventional resistivity techniques and many soundings wer.
taken. The results gave good agreement with a three-layered earth
model and are summarized in'Table 19. In general a resistive soil
relatively thin, is situated on top of a thick quite conductive weaih
ered zone, in turn situated on the relatively resistive parent rock.

V.3. Tropical Arid Zones
It is in tropical arid zones that the most conductive soils are

encountered. As for humid zones (he we-aihered layer can be man>
lens of meters in thickness, however in arid climates this maieria
often contains a high salt concentration due- to evaporation
Whereas the surface materials are usually dry. possibly latentic. anJ
resistive, deeper material may approach resistivities of the order ol
1 ohm-meter. Furthermore substantial bteral variations of resixiiv
ity are not uncommon.

In the humid tropical zones referred to above the conduct ivi ty of
the intermediate zone was due to the presence of an abundance of
colloidal particles with mode rule ion exchange capacities: abundant
rainfall means that drainage patterns are well established and soil
suits have long since been leached into major river channels and

TAILI 19. Tropieal resistivity profiles (after Pabcty and Kadckaru |27])

Site

"g / Nova Lima

£ ICarubniva
^" \
| JSanta Fe
3 f Qualipurit

c. f Santa Lu/

*~ K Coraca
•5 I

Thickness
(meters)

5-10

3
5
3

0-1

1

Soil

Resistivity
(Dhnvmctcrs)

2000-I30IW

90
360

111)00-1 SOU)
200

300-700

120

Weathered Zone

Thickness
(meters)

20-KO

3- IK
12-30

35
15-35
)-»

3.5
10-20
6-10

13-3)

Resistivity
(uhnvmciers)

30-100
200-400

13-27
3-12

SO- 100
10-30
35-20

65
13

20-35
HO- 130

Bedrock

Type

.whi.<u
granoUioriic

basic
ultrahasic

duntle
pnyllites

scrncnlinilcs

granite
hasic vulcanic
amphibolilcs

gneiss

ResistKity
(ohm-meters)

CC
cc

X
X
X

>.!«)

910
00
i:i»
2t«)0



TA«LE 20. Diagnostic criteria Tor distinguishing between unaffected ioil liies and encroaching and developed
saline seeps (after Rhoades and Halvonon [2SJ)

Site type

Unaffected

Encroaching
saline
seep

Developed
saline seep

Salt content

Low, increasing with
depth

Low, increasing to a peak
at a relatively shallow
depth, then decreasing
with further depth

High, decreasing with
depth

Water content

Low. increasing
with depth

Moist surface.
becoming wet
with depth

Relatively uniformly
wet to the wattr
table

Soil
electrical conductivity

Low, increasing with depth

Intermediate, increasing to a
peak at a rela lively shallow
depth, then decreasing with
further depth

High, decreasing with depth

r-

thence into the oceans. In hot arid climates drainage patterns are
poorly established and drainage basins may have no outlet to per-
manent streams. Salt-bearing waters drain from topographically
high regions into lower areas where the water evaporates, leaving a
high residual salt content, largely a reflection of the imperfect drain-
age channels.

The occasional addition of water might be due either to precipita-
tion or irrigation. In the cultivated dry land soils of the northern
Great Plains the near surface (plant root-zone) is leached with
essentially pure water derived from rain and snow melt during the
wel months. Rhoades and Halvorson (28) discuss how this results in
a soil salinity concentration which increases with depth. However
during the summer months when a saline water table in this climate
is situated within approximately one meter from the surface an
upwards flow of moisture is caused by evaporation at the soil sur-
face and transpiration within the root zone. This upwards flow
reverses the original leaching which transported salts downwards
and causes them to ascend so that a concentration peak can form in
the soil salinity profile. The soils can remain excessively wet as a
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Ficune 13. Relation between soil electrical conductivity. EC,, and in-
lereleclrode spacing for a saline seep, an encroaching saline-tup site, and an
unaffected site for glacial tilt-clay loam Mil near Sidney. Montana (after
Rhoades ami Halvonon |28|).

result of the hygroscopic nature of the salts and because t...
reduce the effective use of water by plants via evapo-transp:-
Rhoades defines such a condition as a "saline seep" and noi.
can form without the water table actually emerging at the
As this seep develops the peak in the soil salinity profile ..
upwards until ii finally appears at or near the surface as indi-
Table 20 which illustrates the various conditions that can e
region which sees seasonal precipitation followed by s
drought. Figure 13 illustrates vertical profiles of resistivity .
depth as determined by an expanding Wenner array for th-
conditions described in Table 20.

For saline soils, the contribution to conductivity from s
cenlration generally outweighs that from cation exchange c-,
and the conductivity is relatively independent of clay comer'

The effect of weathered-zone salinity is probably at its i
western Australia where the zone is often 100 meters in th
and has been known to exceed 300 meters. Hygroscopic salt..
tain soil moisture at levels substantially above the water taN-
resistivities of the order of I ohm-meter have been observes.'
lateral variations result from the imperfect drainage pattern
changes in surface topography often show up as large cha..,
subsurface conductivity. A laterilic hard pan is not unusual «•
surface. This layer is extremely resistive and completes tr
plexity and difficulty of making conventional electrical m
ments in this environment.

V. 4. Arctic Zones
Finally we turn our attention to arctic regions in which pen

is a major consideration. It should be noted that the defin...*
permafrost requires only that the mean annual temperature "
ground be less than 0*C for several years: the definition i
pletely independent of the nature of the material, the ami
moisture, and indeed whether or not the moisture is frou.:

Ficune 14. Vertical and lemponl temperature variations - contourt
(after Arcone el al (2V)).



'icuu 15. Computed vertical ind temporal resistivity variations from data
of Figure 14 - contoured in ohm-meters (after Arconc el al [29]).

lonhern climates we find that mineralogy, porosity, free water
content, and ionic concentration within the Tree water are important
tsistiviiy factors as they are for temperate zones. In permafrost
eiions we have the additional complexity that small changes in
•TOperature of the ground near 0*C may exert a large influence on

Tain conductivity. The effect depends on the nature of the mate-
ial and also the moisture content since as we have seen earlier even
t temperatures substantially below 0*C considerable moisture may

.emaio unfrozen in the case of clays whereas in the case of coarser
material virtually all will be frozen. In short, ice content is a compli-

1 -aied function of many variables.
As an example of electrical layering arising due to temperature

jrdy consider Figure 14 which illustrates annual variations in ground
temperature recorded near Fairbanks, Alaska. The region is in a
Usconlinuous permafrost zone and subsurface material consists
irimarily of perennially frozen organic silt containing a varying

•mount of ground ice. From laboratory measurements on saturated
organic silt to determine the variation of electrical resistivity with
emperature, a plot of electrical resistivity with depth and lime was
lerived [23] and is shown in Figure IS. We see from this figure that a

resistivity range of 30 to I can occur as a result of temperature
r changes alone.
' In the discontinuous zone of permafrost subsurface temperatures
' >rc subtly influenced by many variables and even in ground which is
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IGUBK 16. Results of the apparent resistivity measured with VLF (18.6
-Hz). LF (373 kHz) radiohm and a magnetic induction instrument (EM3I)
over a section of shallow discontinuous permafrost Ufler P. Hoekslra |30|).

laterally uniform insofar as material type is concerned lateral tem-
perature variations can bring about large changes in electrical resis-
tivity as shown in Figure 16 where the survey traverse was taken
over glacial lake basin sediments. The frozen areas outlined on the
figure were derived from resistivity measurements and confirmed by
drilling [24).

VI. SUMMARY

In this technical note we have discussed the concept of terrain
conductivity, examined some of the properties of soils and rocks
thai affect their conductivity, and reviewed some measurements on
typical terrain materials under a variety of climatic conditions.

To summarize, terrain conductivity is usually determined by one
or more of the following parameters:

(1) clay content, clay type
(2) moisture profile with depth
(3) moisture salinity
(4) moisture temperature
Of these the most complex is usually the moisture profile, by

which is meant the way in which (i) the porosity, (i!) the extent to
which the pores are filled with water, and, (iii) the number, size and
shape of interconnecting passages all vary with depth. The moisture
profile is affected by material type (directly influencing porosity
etc.. or indirectly influencing permeability and water table loca-
tion), topography (influencing the water table location), compaction
(influencing porosity), and season (rates of precipitation, evapora-
tion).

It is evident that many parameters may affect the ground conduc-
tivity. Fortunately at any given location relatively few are usually
dominant however the survey interpreter should be aware of the
possible alternatives. It is hoped that this brief treatment will be
useful in assessing those parameters that are influential in the survey
area and will thereby lead to a more accurate interpretation of
survey data.

The bibliography gives a good indication of current interest in the
electrical properties of rocks and soils and the curious reader will
find much valuable material in the cited references.
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SOIL GAS SAMPLING PROCEDURE

I. Probe Placement
A) A clean probe (pipe) is removed from the "clean" storage

tube on top of the van.
B) The soil gas probe is placed in the jaws of hydraulic

pusher/puller mechanism.
C) A sampling point is put on the bottom of the probe.
D) The hydraulic pushing mechanism is used to push the probe

into the ground.
E) If the pusher mechanism will not push the probe into the

ground a sufficient depth for sampling, the hydraulic
hammer is used to pound the probe into the ground.

II. Sample Extraction
A) An adaptor (Figure 1) is put onto the top of the soil gas

probe.
B) The vacuum pump is hooked onto the adaptor.
C) The vacuum pump is turned on and used to evacuate soil

gas.
D) Evacuation will be at least 30 seconds but never more

than 5 minutes for samples having evacuation pressures
less than 15 inches of mercury. Evacuation times will
be at least 1 minute, but no more than 5 minutes for
probes reading greater than 15 inches of mercury.

E) Gauges on the vacuum pump are checked for inches of
mercury.
1. Gauge must read at least 2 inches of mercury less

than maximum vacuum to be extracting sufficient
soil gas to collect a valid sample.
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III. Sample Collection
A) With vacuum pump running, a hypodermic syringe needle

is inserted through the silicone rubber and down into
the stainless steel tubing of adaptor (Figure 1).

B) Gas samples should only contact steel surfaces and
never contact potentially sorbing materials (i.e.,
tubing, hose, pump diaphragm).

C) The syringe is purged with soil gas then, without
removing syringe needle from adaptor, a 2-10 mL soil
gas sample is collected.

D) The syringe and needle are removed from the adaptor and
the end of the needle is capped.

E) If necessary, a second 10 mL sample is collected using
the same procedure.

IV. Deactivation of Sampling Apparatus
A) The vacuum pump is turned off and unhooked from the

adaptor.
B) The adaptor is removed and stored with equipment to be

cleaned.
C) Using the hydraulic puller mechanism, the probe is

removed from the ground.
D) The probe is stored in the "dirty" probe tube on top of

the van.
E) The probe hole is backfilled, if required.

V. Log Book and U.S. EPA Field Sheet Notations For Sampling
(Figures 2A-2D)
A) Time (military notation)
B) Sample number (use client's numbering system)
C) Location (approximate description - i.e., street names)
D) Sampling depth
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E) Evacuation time before sampling
F) Inches of mercury on vacuum pump gauge
G) Probe and adaptor numbers
H) Number of sampling points used
I) Observations (i.e., ground conditions, concrete,

asphalt, soil appearance, surface water, odors,
vegetation, etc.)

J) Backfill procedure and materials, if used.

VI. Other Recordkeeping
A) Client-provided data sheets are filled out, if required
B) Sample location is marked on the site map

VII. Determination of Sampling Locations
A) Initial sample locations will be determined by client

(perhaps after consultation with TRC personnel) prior
to start of job.

B) Remaining sample locations may be determined by:
1) Client

a) Entire job sampling locations set up on grid
system.

b) Client decides location of remaining sample
locations based on results of initial study, or

2) Client and TRC Personnel
a) Client and TRC personnel decide location of

remaining sample locations based on results of
initial sample locations.
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ANALYTICAL PROCEDURES

I. Varian 3300 Gas Chromatograph
A) Equipped with Electron Capture Detectors (BCD),

Flame lonization Detectors (FID), Photo lonization
Detectors (PID) and/or Thermal Conductivity (TC)
Detectors.

B) The chromatographic column used by TRC for the
analysis of halocarbons is a 1/8" diameter packed
column containing Alltech OV101. This nicely
separates most of the tri-chloro and tetra-chloro
compounds that are encountered in soil gas investiga-
tions. The di-chloro compounds tend to elute ahead
of the tri-chloro and tetra-chloro compounds, thus
creating no interference. In the event that assurance
of the identity of a compound in any particular sample
is needed, it will be analyzed on a SP-1000 column
after the OV-101 analysis.

II. Two Spectra Physics SP4270 Computing Integrators.
The integrators are used to plot the chromatogram and
measure the size of the chromatographic peaks. The
integrators compute and record the area of each peak.
The peak areas are used directly in calculation of
contaminant concentration.

III. Chemical Standards From ChemServices, Inc. of
Westchester, Pennsylvania.
A) TRC used analytical standards that are preanalyzed, of

certified purities and lot numbered for quality control
assurance. Each vial is marked with an expiration
date. All analytical standards are the highest grade
available. Certified purities are typically 99%.
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B) The Quality Assurance procedures used by ChemService
were described by the Laboratory Supervisor, Dr. Lyle
Phipher:
1) The primary measurement equipment at ChemServices,

the analytical balance, is serviced by the Mettler
Balance Company on an annual basis and recalibrated
with NBS traceable weights.

2) All chemicals purchased for use in making the
standards are checked for purity by means of gas
chromatography using a thermal conductivity
detector. Their chemicals are purified as needed.

3) The information on the purification and analysis
of the standards is made available upon request
for any item they ship when the item is identified
by lot number. All standards and chemicals are
shipped with their lot numbers printed on them.
The standards used by TRC are made up in a two
step dilution of the pure chemical furnished by
ChemServices.

IV. Analytical Supplies
1. Sufficient 2 and 10 cc glass and Hamilton syringes so

that none have to be reused without first being
cleaned.

2. Disposable lab supplies, where appropriate.
3. Glassware to prepare aqueous standards.
4. Miscellaneous laboratory supplies.
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QA/QC PROCEDURES

I. Standards
A) A fresh standard is prepared each day. The standards

are made by serial dilution.
1) First, a stock solution containing the standard in

methanol is prepared at TRC offices in Tucson. The
stock solution is prepared by pipetting the pure
chemical into 250 mL of raethanol in a volumetric
flask at room temperature. The absolute mass is
determined from the product of volume and density
calculated at room temperature. Hamilton
microliter syringes, with a manufacturer's stated
accuracy of + or - 1%, are used for pipetting.

Information on density is obtained from the CRC.
Once the stock solution is prepared, typically in

concentration range of 50-1000 mg/L, a working
standard is prepared in water each day. The
solute in the stock solution has a strong affinity
to remain in methanol so there is no need to
refrigerate the stock solution. Additionally, the
solute tends not to biodegrade or volatilize out of
the stock solution.

2) The working standards are prepared in 43 mL VOA
septum vials by diluting the appropriate ug/L
quantity of the standard solution into 43 mL of
water.

B) The standard water is analyzed for contamination before
making the aqueous standard each day.

C) The aqueous standard is prepared in a clean vial using
the same syringe each day. The syringe should only be
used for that standard.
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D) Final dilution of the calibration standards are made
in water in a VOA vial having a Teflon coated septum
cap instead of in a volumetric flask in order to have
the standard in a container with no air exposure. The
VOA bottle permits mixing of the standard solution and
subsequent syringe sampling all day long without
opening the bottle or exposing it to air. The
measurement uncertainty inherent in the use of a VOA
bottle instead of a volumetric flask is approximately
+ or - 1%.

E) The aqueous standard will contain the compounds of
interest in the range of 5 to 100 ug/L depending on the
detectability of the individual components. The
standard will be analyzed at least 3 times at the
start of each day to determine the mean response
factor (RF) for each component (Figure 3). The
standard will be injected again after every fifth
sample to check detector response and chromatographic
performance of the instrument throughout the day.

F) The RF allows conversion of peak areas into concen-
trations for the contaminants of interest. The RF
used is changed if the standard response varies 25%.
If the standard injections vary by more than 25% the
standard injections are repeated. If the mean of the
two standard injections represents greater than 25%
difference then a third standard is injected and a new
RF is calculated from the three standard injections. A
new data sheet is started with the new RF's and
calibration data.

% difference = A area - B area
A area

Where A = mean peak area of standard injection from
first calibration

B = peak area of subsequent standard injection
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G) The low ug/L aqueous standards that are made fresh
daily need not be refrigerated during the day because
they do not change significantly in a 24 hour
period. On numerous occasions the unrefrigerated 24
hour old standards have been compared with fresh
standards and no difference has been measurable. If
the standards were made at high ppm levels in water,
the problem of volatilization would probably be more
pronounced in the absence of refrigeration.

H) Primary standards are kept in the hotel room when on
a project.

I) A client may provide analytical standards for
additional calibration and verification.

II. Syringe Blanks
A) Each uL syringe is blanked before use.
B) 2 cc (glass) syringes will each be blanked if

ambient air concentrations are elevated (greater than
or equal to 0.01 ug/L) for components of interest.

C) If ambient air concentrations are <0.01 ug/L for
components of interest, a representative sample of at
least two syringes are blanked at the start of each
day. If representative syringes have no detectable
contaminantion remaining syringes need not be blanked.
If any of representative syringes show contamination,
all 2 cc syringes must be blanked prior to use.

D) Syringe blanks are run with air or nitrogen.
E) If it is necessary for any syringe to be used again

before cleaning, it is blanked prior to its second use.
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III. System Blanks
A) System blanks are ambient air drawn through the probe

and complete sampling apparatus (probe adaptor and
10 cc syringe) and complete sampling apparatus and
analyzed by the same procedure as a soil gas sample.
The probe is above the ground.

B) One system blank is run at the start of each day and
compared to a concurrently sampled air analyses.

C) A system blank will all be run before reusing any
sampling system component.

IV. Ambient Air Samples
A) Ambient air samples are collected and analyzed a minimum

of three times daily to monitor safety of the work
environment and to establish site background
concentrations, if any, for contaminants of interest.

B) All ambient air samples shall be documented (Figure 3).

V. Samples
A) All unknown samples will be analyzed at least twice.
B) More unknown samples will be run until reproducibility

is within 25%, computed as follows:
Difference = A - B

(A + B)/2
Where: A is first measurement result

B is second measurement result
If the difference is greater than .25, a subsequent
sample will be run until two measurements are made that
have a difference of .25 or less. Those two measure-
ments will be used in the final calculation for that
sample.

C) The injection volume should be adjusted so that mass of
analyte is as near as possible to that which is
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contained in the standard, at least within a factor of
10.

D) Whenever possible the attenuation for unknown samples
is kept constant through the day (so as to provide a
visual check of integrations).

E) A water plug must be used as a gas seal in uL syringes
F) A seal must be established between syringes when sub-

sampling
G) At very high concentrations air dilutions are

acceptable once concentration of contaminants in air
have been established.

H) All sample analysis are documented (Figure 3).
I) Separate data sheet are used if chromatographic

conditions change
J) Everything is labeled in ug/L, mg/L, etc. PPM and PPB

notations are to be avoided.

VI. Daily System Preparation (Figure 4).
A) Integrators parameters are initialized

1. Pt. evaluation
2. Attenuation
3. Peak markers
4. Auto zero
5. Baseline offset (min. 10% of full scale)

B) The baseline is checked for drift, noise, etc.
C) System parameters are set.

1. Gas flows (Note: N2, air, H2 tank pressure on
Page 1 of chromatograms).

2. Temperatures
a) Injector
b) Column
c) Detector

10
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D) After last analysis of the day conditioned septa are
rotated into injection ports used during the day and
replaced with fresh septa.

E) Column and injector temperatures are run up to bake out
residual contamination

F) Syringes are cleaned each day
1. 2 and 10 cc syringes are cleaned with Alconox or

equivalent detergent and brush
2. uL syringes are cleaned daily with IPA or MeOH and

purged with Nj. Syringe Kleen is used to remove
metal deposits in the barrel.

3. Syringes are baked out overnight in the oven of the
gas chromatograph at a minimum temperature of 60^C.

VII. Sample Splits
If desired, TRC's clients or any party, with the approval
of TRC's client, may use sample splits to verify TRC's
soil gas or groundwater sampling results.
A) Sample splits may be collected in two valve, flow

through-type all-glass or internally electroplated
stainless steel containers for analysis within 10 days
of collection.
1. Flow through sample collection bottles should be

cleaned by purging with nitrogen at 100°C for at
least 30 minutes. Once clean, the bottles should
be stored filled with nitrogen at ambient pressure.

2. Sample bottles are filled by placing them in the
sample stream between the probe and the vacuum
pump. Five sample bottle volumes should be drawn
through the container before the final sample is
collected. The sample should be at ambient
pressure.

11
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B) Sample splits can be provided in 10 cc glass syringes
for immediate analysis in the field by the party
requesting the sample splits.

C) Splits of the aqueous standards or the methanol
standards used by TRC for instrument calibration may
be analyzed by the party requesting sample splits.

12
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Figures 1 through 4
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/DISPOSABLE)
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FIGURE 1. SAMPLING APPARATUS

1A. CLOSE-UP OF SYRINGE SOIL GAS SAMPLING THROUGH EVACUATION LINE
IB. DIAGRAM OF SOIL GAS SAMPLING PROBE WITH ADAPTOR FOR

SAMPLING AND EVACUATION OF THE PROBE AFTER IT IS
DRIVEN INTO THE GROUND
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SOIL GAS INVESTIGATION BACKGROUND INFORMATION

SITE NAME: ~J>4SIPS°1 f^fS^/fAi-________________________
LOCATION: /V/ao f*&?T x?^g-v^-
DATES OF INVESTIGATION: J-//£ —
CLIENT NAME S. ADDRESS:_ &e.

FIELD PRESEKTATIVE(S) FOR CLIENT;

PERSON TO UHOM REPORT «ND QUESTIONS
SHOULD BE DIRECTED:

PHONE: ( - /oo~> exrr £
CREU: CHEMIST GEOLOGIST

REPORT TO INCLUDE (CIRCLE):
QA/QC-PROCEDURES-DATA ONUY or FULL REPORT WITH CONTOUR MAPS

AND INTERPRETATION

PURPOSE OF INVESTIGATION

TARGET UOCs

GROUNDUATER INFORMATION:

DEPTH TO UATER; '3-— /<i

SOURCES OF CONTAMINATION

DIRECTION:

GEOLOGIC SETTING: ( g -Q- soil type, subsurface geology, etc.)
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OPERATION PROCEDURE FOR
HNU MODEL PI 101

PHOTOIONIZATION ANALYZER

I. INTRODUCTION

1.0 Operation Principle

The HNu Model 101 photoionization detector has been
designed to measure the concentration of trace gases in
many industrial or plant atmospheres. The instrument
has similar capabilities outdoors. The analyzer
employs the principle of photoionization for detection.
This process is termed photoionization because the
absorption of ultraviolet light (a photon) by a
molecule leads to ionization via:

RH + hv —————————— RH+ + e

where RH = trace gas
hv = a photon with an energy greater than or

equal to an ionization potential of RH.

The sensor consists of a sealed ultraviolet light
source that emits photons which are energetic enough to
ionize many trace species (particularly organics), but
do not ionize the major components of air such as O2,
N2/ CO, C02 or HjO. A chamber adjacent to the
ultraviolet light source contains a pair of electrodes.
When a positive potential is applied to one electrode,
the field created drives any ions, formed by absorption
of UV light, to the collector electrode where the
current (proportional to concentration) is measured.
The useful range of the instrument is from a fraction
of a ppm to about 2,000 ppm.

2.0 Instrument Sensitivity and Calibration

The instrument responds to atmospheric compounds with
ionization potentials equal to or less than the
ionization energy of the UV light source, if a
compound in air has an ionization potential greater
than the energy source of the lamp, it will not be
detected. Table 1 presents organic and inorganic
compounds and the light sources that should be used to
detect each compound. The instrument is capable of
using 1 of the 3 light sources - 9.5, 10.2, and 11.7 ev
lamps. In addition, not all compounds respond equally
to each light sources and thus they vary in their
sensitivity to ionization. As a result of varying
sensitivities to photoionization, the response given by
the instrument may or may not reflect the actual
atmospheric concentration of the compound being



detected. Table 2 represents the relative
sensitivities for various gases relative to a 10.2 ev
light source. Use this table to determine the
approximate response of the instrument to a compound of
interest, and to select the appropriate light (lamp)
source.

There are two types of operations that are used for
calibration. For Type 1 Operation, a non-regulatory
(or non-target) compound such as isobutylene is used
for calibration. In this case, the instrument reading
is reported in terms relative to the calibration
compound used for calibration. For the type 2
operation, the target compound or compounds are used
for calibration. As a result, the instrument is
calibrated to respond directly in ppm by volume of the
target compound(s).

3.0 Instrument Specifications

3.1 Performance

o Range: o.l to 2000 ppm

o Detection Limit: 0.1 ppm

o Sensitivity (max.): 0 to 2 ppm FSD over 100
division meter scale

o Repeatability: ± 1% of FSD

o Linear Range: o.l to 600 ppm

o Useful Range: 0.1 to 2000 ppm

o Response Time: less than 3 seconds to reach
90% full scale

o Ambient humidity: up to 95% relative humidity

o Operating Temperature: Ambient to 40'C
(instrument is temperature compensated so that
a 20'C change in temperature corresponds to a
change in reading of ± 2% full scale at maximum
sensitivity.

3.2 Power Requirements and Operating Times

o Continuous use on battery: approximately 10
hours

o Continuous use with HNu recorder reduces
instrument battery operating time to
approximately 5 hours



o Recharge time: less than 14 hours; a 3 hours
charge will charge up to 90* full charge

o Recharge Current: maximum 0.4 amps at 15 VDC

II. OPERATIONAL PROCEDURE

1.0 Instrument Check-out

1.1 Remove instrument box cover by pulling up on
fasteners.

1.2 On the instrument panel, there will be a label
containing information on light source,
calibration date, calibration gas, and span
setting.

1.2.1 If the instrument has not been calibrated
in the last 14 days or since its last field
use, it should be recalibrated. Check the
instrument log, which should be maintained
with the instrument, for the instrument
status and its calibration history. For
general use, the instrument should be
calibrated to isobutylene at a span setting
of 9.8.

1.2.2 Check the label for light source and refer
to Table 1 for ionization potentials of
various compounds. If the compound you wish
to detect is not listed for the light
sources provided with instrument, then the
light source will have to be changed. Use
the probe with the proper light source for
the compounds to be detected.

1.2.3 Once it has been determined that the
instrument has the correct lamp, the
instrument may need to be recalibrated for
the specific compound of interest. Use
Procedure under 2.1.3 of this Section to
calibrate the instrument.

1.2.4 Check the battery supply by connecting the
probe to the instrument box, and turning the
function switch to the battery check
position (Figure 1). (Note: The battery
check indicator will not function unless the
probe is attached.) The meter needle should
deflect to the far right or above the green
zone. If the needle is below or just within
the green zone or the red LED indicator is
on, the battery should be recharged. Follow



the procedure described in Section III
(Maintenance and Trouble shooting) to
recharge the battery.

1.2.5 Repack the instrument for shipment to the
field.

2.0 Field Operation

2.1 Calibration

2.1.1 Equipment and Materials

o Calibration Gas (2 ranges)

Low range 0-20 ppm and mid-range 20-200
ppm of isobutylene gas are used for
standard field operation when contaminants
are unknown or a mixture of gases is
present. The isobutylene gas is used for
general calibration because of the
instrument's relatively high sensitivity
to it and the non-toxic nature of the gas.
Note; A specialty gas may be required if
a single atmospheric contaminant is
present and the contaminant has a
sensitivity different from that of the
calibration gas (isobutylene).

o Tubing and fittings (see Figure 1).

o Rotometer or bubble flow meter.

o Field Log, calibration form, and data
reporting form.

o Table 1 for ionization potentials for
compounds of interest.

2.1.2 Calibration Frequency

This instrument should be calibrated after
each field use and prior to each field use.
Continuous calibration check should be
performed frequently during field operation
(for example, check the instrument zero and
calibration after every 10 measurements) and
document the results properly. Caution; Do
Not Change the Settings.

2.1.3 Calibration Procedure



2.1.3.1 Use a three-points procedure to
facilitate the proper instrument
calibration over appropriate
operating ranges. Distinct
mixtures of calibration gas with
known concentration for selective
operating range should be used for
calibration. Each mixture should
give a 3/4 scale deflection in its
respective operating range.

2.1.3.2 Instrument Setup.

Step 1: Remove Instrument cover by pulling
up on the side straps.

Step 2: Prior to calibration, check the
function switch (Figure 2) on the
control panel to make sure it is in
the OFF position. The probe nozzle
is stored inside the instrument
cover. Remove cover plate by
pulling up on the pins that fasten
the cover plate.

Step 3: Remove the nozzle from the cover.
Assemble probe by screwing nozzle
into casing.

Step 4: Attach probe cable to instrument
box inserting 12 pin interface
connector of the probe cable into
the connector on the instrument
panel. Match the alignment keys
and insert connector. Turn
connector in clockwise direction
until a distinct snap and lock is
felt.

Step 5: Turn the function switch to the
Battery Check position. When the
battery is charged, the needle
should read within or above the
green battery arc on the scale
plate. If the needle is below the
green arc or the red LED light
comes on, the instrument should be
recharged prior to making any
measurements. Implement steps in
Section III to recharge battery.

Step 6: Turn the function switch to the ON
position. In this position, the UV



light source should be on. To
verify, gaze at the end of the
probe for a purple glow. Do Kot;
Look Directly at the Lamp Itself.
If the lamp does not come on refer
to Maintenance Step in 2.2 (Section
III).

Step 7: To zero the instrument, turn the
function switch to the standby
position and rotate the zero
potentiometer until the meter reads
zero. Clockwise rotation of the
zero potentiometer produces an
upscale deflection while counter
clockwise rotation yields a
downscale deflection. (Note: No
zero gas is needed since this is an
electronic zero adjustment.) If
the span adjustment is changed
during instrument calibration, the
zero should be rechecked and
adjusted. If necessary, wait 15 to
20 seconds to ensure that the zero
reading is stable. Readjust as
necessary.

2.1.3.3 Calibration Steps

Step 1: Insert one end of T tube (Figure 1)
into probe. Insert second end of
probe into calibration gas in the
20-200 ppm range. The third end of
probe should have the rotometer
(bubble meter) attached.

Step 2: Set the function switch in the 0-
200 ppm range. Crack the valve on
the pressured calibration gas
container until a slight flow is
indicated on the rotometer. The
instrument will draw in the volume
required for detection with the
rotometer indicating excess flow.

Step 3: Adjust the span potentiometer so
that the instrument is reading the
exact value of the calibration gas.
(Calibration gas value is labeled
on the cylinder).

Step 4: Turn instrument switch to the
standby position and check the
electronic zero. Reset zero



potentiometer as necessary
following step 7 of 2.1.3.2.

Step 5: Record on form and field log all
original and readjusted settings as
specified in the form.

Step 6: Next, set the function switch to
the 0-20 ppm. Remove the mid-range
(20-200 ppm) calibration gas
cylinder and attach the low range
(0-20 ppm) calibration gas cylinder
as described above.

Step 7: Do not adjust the span
potentiometer. The observed
reading should be ±3 ppm of the
concentration specified for the low
range calibration gas. If this is
not the case, recalibrate the mid
range scale repeating Step 1 thru 6
above. If the low range reading
consistently falls outside the
recommended tolerance range, the
probe light source window likely
needs cleaning. Clean window
following Step 2 under 2.3 (Section
III). When the observed reading is
within the required tolerances, the
instrument is fully calibrated.

2.2 Sample Measurement

Step 1: Place function switch in 0-20 ppm
range for field monitoring. This
will allow for the most sensitive,
quick response in detecting
airborne contaminants.

Step 2: Before entering a contaminated
area, determine background
concentration. This concentration
should be used as a reference to
readings made in the contaminated
area. Under no circumstance should
one attempt to adjust the zero or
span adjustments while the
instrument is being operated in the
field.

Step 3: Take measurements in contaminated
area, recording readings and
locations. Should readings exceed
the 0-20 scale, switch the function



switch to the 0-200 or 0-2,000
range as appropriate to receive a
direct reading. Return the
instrument switch to the 0-20 range
when readings are reduced to that
level. Record measurements in
notebook or on an appropriate form.

Step 4: Keep in mind health and safety
action guidelines for the level of
protection you are wearing.
Sustained readings above a certain
level may force you to vacate an
area or upgrade your level of
protection.

Note; The instrument will not
function properly in high humidity
or when the window to the light
housing is dirty. If the
instrument response is erratic or
lower than expected.

Step 5: When finished, use the reverse
Steps 1 thru 5 of Section 2.1.3.2
(Instrument Setup) to shut down the
instrument.

III. MAINTENANCE AND TROUBLE-SHOOTING

1.0 Battery Recharging

1.1 The instrument should be recharged 1 hour for each
hour of use or overnight for a full day's use.
(The battery will last 10 hours on a full charge.)

1.2 To recharge the battery (or instrument):

1.2.1 Turn the function switch to the off
position.

1.2.2 Remove the charger from the instrument top
compartment.

1.2.3 Place the charger plug into the jack on the
left side of the instrument box.

1.2.4 Connect the charger unit to a 120 V AC
supply.

1.2.5 Check charger function by turning the
instrument switch to the battery check
position. The meter should go upscale if



the charger is working and is correctly
inserted into the jack.

1.2.6 Place instrument in instrument mode and
charge for the appropriate time period.

1.2.7 Turn the instrument off following the
recharge cycle. When disconnecting charger,
remove from 120 V AC supply before removing
the mini phone plug.

2.0 General Fault Determination and Correction

2.1 Battery level is low. Recharge if necessary
implementing steps described under 1.0 (Section
III). If the battery will not recharge, it will
have to be replaced.

2.2 UV Lamp function - Gaze at sample inlet when mode
switch is on an instrument function position and
observe for purple glow of lamp. If the lamp does
not glow in any of the three instrument function
positions, it may be burned out and will have to
be replaced. To replace the lamp:

1. Turn the function switch to the off position
and disconnect the probe connector from the
readout unit.

2. Remove the exhaust screw found near the base
of the probe (Figure 3).

3. Grasp the end cap in one hand and the probe
shell in the other and gently pull to
separate the end cap and lamp housing from
the shell.

4. Loosen the screws on the top of the end cap
and separate the end cap and ion chamber from
the lamp and lamp housing. Care must be
taken so that the ion chamber does not fall
out of the end cap and the lamp does not
slide out of the lamp housing.

5. Turn the end cap over in your hand and tap on
the top of it; the ion chamber should fall
out of it.

6. Place one hand over the top of the lamp
housing and tilt slightly. The light source
will slide out of the housing.

7. Replace lamp with one of same energy source
as the one removed by sliding it into the



housing. Note: The amplifier board and
instrument circuitry are calibrated for one
light energy.

8. Place the ion chamber on top of the lamp
housing, checking to ensure that the contacts
are aligned.

9. Place the end cap on top of the ion chamber
and replace the two screws. The screws
should be tightened only enough to seal the
"0" ring. Do not overtighten.

10. Line up the pins on the base of the lamp
housing with the pins inside the probe shell.
Gently slide the housing assembly into the
probe shell. Do not force the assembly as it
only fits one way.

11. Replace and tighten the exhaust screw.

12. Reconnect the 12 pin connector and turn
instrument mode switch to a function
position. Check for glow of lamp. If lamp
still does not function, the instrument has
an electrical short or other problem that
will have to be corrected at the factory.

2.3 Instrument appears to be functional, but responses
are lower than expected or erratic. The window of
the light source may be dirty and need to be
cleaned. To clean the light source window:

1. Disassemble the probe assembly by repeating
Steps 1 thru 6 under 2.2 above.

2. Clean the window of the light source using
compound provided with instrument and soft
clean cloth. Important: Use cleaning
compound on the window of the 10.2 eV lamp
only. The cleaning compound may damage the
windows of the 9.5 and 11.7 eV lamps.

3. Reassemble the probe assembly repeating Step
7 through 12 above.

3.0 Specific Faults

3.1 No meter response in any switch position
(including BATT CHK)

1. Broken meter movement: Tip instrument rapidly
from side to side. Meter needle should move
freely, and return to zero.



2. Electrical connection to meter is broken:
Check all wires leading to meter and clean
the contacts of quick-disconnects.

3. Battery is completely dead: Disconnect
battery and check voltage with a volt-ohm
meter.

4. Check 2 amp fuse.

5. If none of the above solves the problem,
consult the factory.

3.2 Meter responds in BATT CHK position, but reads
zero or near zero for all others.

1. Power supply defective: Check power supply
voltages per Figure 4. If any voltage is out
of specification, consult the factory.

2. Input transistor or amplifier has failed:
Rotate zero control; meter should deflect
up/down as control is turned. Open probe;
both transistors should be fully seated in
sockets.

3. Input signal connection broken in probe or
readout: Check input connector on printed
circuit board. Should be firmly pressed
down. Check components on back side of
printed circuit board. All connections
should be solid, and no wires should touch
any other object. Check all wires in readout
for solid connections.

3.3 Instrument responds correctly in BATT CHK, and
STBY, but not in measuring mode.

1. Check to see the light source is on (See
Section 2.2).

2. Check high voltage power supply (See Figure
4).

3. Open end of probe, remove lamp and check high
voltage on lamp contact ring.

4. If high voltage is present at all above
points, light source has most likely failed.
Consult the factory.

3.4 Instrument responds correctly in all positions,
but signal is lower than expected.



1. Check span setting for correct value.

2. Clean window of light source (See 2.3).

3. Double check preparation of standards.

4. Check power supply 180 V output. See Figure
4.

5. Check for proper fan operation. Check fan
voltage. See Figure 4.

6. Rotate span setting. Response should change
if span pot is working properly.

3.5 Instrument responds in all switch positions, but
is noisy (erratic meter movement).

1. Open circuit in feedback circuit. Consult
the factory.

2. Open circuit in cable shield or probe shield.
Consult the factory.

3.6 Instrument response is slow and/or irreproducible.

1. Fan operating improperly. Check fan voltage.
See Figure 4.

2. Check calibration and operation.

3.7 Low battery indicator.

1. Indicator comes on if battery charge is low.

2. Indicator also comes on if ionization voltage
is too high.
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GAS Detection and Warning System
COMPUR 4100 SO Monlloi HCN

n«i COMPUR 4100 SO Monilox Gas
Oulnction and Warning System comprises
I oas rteiccior (alarm unil with diglial

display)
.'! «M!i nrtnoralor (losl unil)
:\ i:nn«ole (recommended accessory)
•I rtelcclniog (recommended accessory)
1no system is especially daslgnad lo
nuiniinr the TW ol HCN.

CAUTIONI
Aiihouoh 'ho 4100 SO Monitox lor HCN has
UMn lufllily simptilied lor east ol operation
tiy iiui user, ii is nevertheless a complex
IIUMMWU^) instrument which wiu oparala
i»k.ili*y only il Ihcse operating instructions
.H«: ciucliiUy observed and II the Instrument
1:1 r.lwu:ked regularly by the salely ollicer.

This applies In particular lo lha regular
replacement ol Ihe cells and dally luncilonal
tests. The responsibility lor any changes
made In lha alarm threshold sellings must
be borne entirely by Ihe operator: COMPUR
recommends lha strict observance ol the
TLV. Since the unit la designed lo be
Inlrlnsicaty sale. aH repairs must be made
by the manufacturer or other approved
personnel.
COMPUR oilers the Instrument wilh the
{allowing factory sellings:
liril alarm threshold - at TLV • 10 pom
second alarm threshold - at 2 TLV - 20 pom

The delecux cell will be destroyed II the
detector Is permanently exposed lo e HCN-
concenlrellon exceeding 1000 ppm. In this
case me cell has to be replaced.

1.

Technical Description of the
COMPUR 4100 SO Monitox
Detector for HCN

1.1.
Applications
The COMPUR 4100 SO Monilox Is a
personal monitor lor HCN.

II Is designed to be worn attached to the
clothing near Ihe breathing tone o: Ihe
pweon to be protected. The detector
producea an audible llrsl alarm when the
HCN-concenlralion exceeds the T: V
(lectory selling: 10 ppm) and a second
alarm, when II exceeds 2 x TLV.
Independent ol the eiarm setting, the digital
display shows Ihe actual HCN-
concentration In ppm (pane per million)
In Ihe nominal range ol 0 - 100 ppm HCN.

In conjunction with the COMPUR 4102
Dosimeter. Ihe unit can be employed lo
register HCN-concenirallons at cenllned
spaces ranging Irom 0 lo 10 x TLV.

The COMPUR 4100 SO Monilox csnnot be
used to measure process gas streams or In
presence ol continuous high HCN-
concenlrellons.

1.2.
Mode ol Operation
Ambient air diffuses through the litter Insert
(a dust filler) (5) to Ihe meesurlng ced. The
measuring celt, a dual-electrode
electrochemical ceR with an organic
electrolyte gel. generates en output current
proportional lo the partial pressure ol HCN
In the air.
A series of electronic ampMiers supply a
voltage signal which Is led lo me
comparator for the elarm threshold. II the
llrsl elarm threshold Is exceeded, an
Intermittent lone Is produced; il the second
alarm threshold has been exceeded a dual-
lone signal Is produced by the lone
generator and loudspeaker (<x earphone in
very loud areas). The standardised analog
signal corresponding to the ectual HCN-
concenlrellons (Ihe TLV corresponds 10
BO mV) can be led lo the Dosimeter.

The seme signal Is led to the AD-convener
driving the diglial display. The display is
ad|usled lo give e reading ol 10 ppm at
80 mV Input.

The 4100 SO Monilox consists ol two
separata power circuits (via two miniature
batteries); the circuit lor the analogue pan
Is separated Irom lhal lor-lhe alarm-
generallon.

When the ..on-off" switch Is moved to the
.Ball." position, the batteries will be tested
before Ihe Instrument Is turned on. In this
switch position. Ihe batteries are
electronically lasted under the high load ol
Ihe final lone stages. I' one ol the batteries
fails lo reach the predetermined lower
theoretical limit, no alarm will be heard.



1.3.
Technical Data (or the COMPUR 4100 SO Monltox (or HCN
Conformity certificate

Solely class

Dimensions
wnighl (with batteries)
Power supply

nmiory service Hie

Display range

AiArm volume

Alarm levels

llc&ponse time

fime to alarm 20 ppm
SO ppm

Cnruicclion possibilities

Tmniieraliire range

ItaUlfvo humidity
Znro poim drill

Stutsilivity drill

Sorvtce Me ol Ihe ceR

BVS 112.013

EEilbllCTD

104 .4x02x24 mm
approx. 150 g
2 »PX 23(5.6 VI

approx. 1000 h.

, 0-100 pp.n

mln.MdBA/Mcm
2 alarms, adjustable

T,, < 10 s
Tn< 3mln.
< ISs
< 3s

earphone, dosimeter

o-so-c
IOVt-95%

< 1 ppm /fi months
< 15% / 6 months

mkn. 6 months (dependant on dose)

1.4.
Cross-sensltlvilles
Ten com- Ten
ponentt concentration

Indication
Li ppm HCN

SO, 6000 ppm/ 40% rH' 10
NO, lOppm
NH, 1000 ppm
CO 1000 ppm
CO, 1000 ppm
H, 1000 ppm
CH,:CHCN 10 ppm
CH,CN 200 ppm
(CHJN 500 ppm

'CH,OH 200 ppm
COCI, 5 ppm
Cl, 10 ppm
HCI 10 ppm
H,S • 2 ppm
Hydro-
carbona.
saturated 2% vol.
Hydro-
carbons,
unuluitlMl IS vol.
Aromallc
compounds
(alSO

alcvlaled) 200 ppm

- 8
10

-

17

10
5
7

10

—

—

-

2.
Technical Description of the
COMPUR 4100 SO Monltox
Gas Generator (or HCN

2.1.
Applications
The HCN gas generator serves to onluuv-.i
ihe reliability ol in* Moniia» gas daiecnon
and warning system. The Monllox dolectn
must undergo • functional lest by placmu i
on iho goneraior before each use. The
generation of a gas concentration
exceeding ihe TIY ensures that Ihe detacu
wIN respond reliably during use (picture 2).

The gas generator, however. Is nol design**
to generate a calibration gas of known
concentration. Daily testing of the Monllo>
detector does not mean that the user Is no
recommended to change can sequentially
The COMPUR 4100 Gas Generalor must
not be exposed to or used In enptosive
almospheres.
N.B.: The generator cell may dry out at

very low relative humidity In me air. b
this case, if Is necessary to put Hie
molslure cap delivered wlirt the
generator on lop of the generator
always when It is nol In use.

This ensures • correct gas
concentration lor the detector test.



2.2.
Mode ol Operation
1 IK) swiicli on Iha generator is tcllvaiad by
I dicing Iha daleclor In Iha matching recess
on Ihe generator head.
A small Ion laods a How ol air past Iha
rioiieraior call directly lo Iha dalaclo/ can.
AI iha somo llmo. gaa Is gonoreled
ulocirolylically in ma generator call In tuch
jut amotml ihal Iha gas concentration Is
luQh enough lo causa iha dalaclor lo
iospond wiihin 10 seconds (alarm threshold
10 pom). The period of gas generation la
tnilicaiad by llta green L£O.

The red LEO Indicates when the ballery
most be replaced.
Aller a 10 seconds Interval, gas production
Is terminated and Iha (an conveys pure elr
unit the deleclor Is removed.
Tills luncllonal lasl ol the deleclor checks
any ol IK* lotowlng detects:

clogging ol the dusl inter
a malfunctioning cell
a malfunctioning electronics system
a malfunctioning generelor.

2.3.
Technical Data ol the COMPUR 4100 SD Monltox
Gas Generator lor HCN
Dimensions
Woinhi(incl. batteries)
Temperature range

I'owor supply

Generator coll service life
Dallnry service life

133x65x40 nun

approx. 250 g
O'C-SO-C
9 volt alkali ballary. leakproof. e.g. Mallory 1604
approx. 3000 tests or lor 1 year

approx. 3000 lesls

3.
Use of the detector
and generator

3.1.
Detector actuation and
luncllonal test
Ballery Test

Turn the switch on the COMPUR 4100 SO
Monllox lo -Ball.-. II the ballery has
sufficient power lo operate the detector for

. eight hours, an audible (Intermittent) lone
win be heard. The LCO-dlsplay Is switched
off at the "Ball.' lesl position. If no lone Is
emitted, this Indicates Ihal at leesl one of
Ihe batteries Is exhausted. For safely
reasons boih batteries should be replaced
(refer lo section S.I.).
When Ihe audible tone hes been heard (lo
preserve batteries. Ihe lesl should be es
short as possible), the switch Is moved to
•ON". The lone win cease. The LCD-display
Is operating now. II must show "0" ppm
after some seconds.
Functional Test (picture 2)
Piece the doleclor on lop of Iha generator
as Wuslraled.

As soon as the deleclor sounds Its elarm. It
must be removed Irom Ihe generator. The
detector Is ready for operation once Ihe
alarm has ceased.

If Ihe deleclor alarm does not sound within
ten seconds Ihe detector has lo be checked
and serviced. If necessary, the filter cap has
10 be replaced (see point 5.2.).
11 Is advisable lo record Ihe test and
assignment of Ihe gas deleclor in the
detaclolog.
The ballery test and functional lesl mukl DO
performed prior lo each use to Ihus ensuro
maximum safety.

During the gas test Ihe LCD-display must
show the response ol the con to HCN-
concentration as well. As the alarm
threshold Is factorvset al 10 pom the alarm
should sound at 10 ppm. As the display
reads a new value every second, the limo
lor elarm end display of 10 ppm may be
different.

|W'ff^aty&fjgBs^^ i



ise ol Ihe Gas Detector
ic Qas detector must be worn In Ihe
ruining lone ol the person to be protected
xl iha filler cap (5) should nol be covered
Any way.
MI nibbor lip on Iha carrying clip makes II
rcsriilo to securely ellech Ihe Monllox lo
ticios ol clothing (e.g. the breast pocket).
u MS is nol deemed adequelely aecure. Ihe
lam supplied with Ihe Monllox cen be
icured in the holes of Iha carrying rjllp.
us enables the Monilox lo be worn around
nnock.
.11 .it possible, the later cap should be
oiecled Irom water, dual-laden air or din.
>lh. Ihe battery and lunclional lesls (refer
point 3.1.) should be performed belore
q detector is put Into operellon.

l ICN gas concentration In the vicinity ol
o sonsor exceeds Ihe set elarm value. Ihe
irm will sound after a delay dependent on
o gas concentration (The higher Ihe
mconlralion, Iha more quickly Ihe
DMPUH 4100 SO Monllox will respond).

ic alarm sounds al a level of at least (0 dB
a distance ol about 30 cenllmelera
> inches).

3.3.
Connecting the Earphone
When Ihe detector Is being utilised In an
area with high background noise, Ihe
optional earphone should be used lo be
sure thai Ihe alarm will nol go unnoticed.
The earphone Is connected to Ihe earphone
socket (9) on Ihe deteclor. This socket
disconnects Ihe Internal loudspeaker. II Ihe
eerphone Is being used, II Is Important Ihel
Ihe lesls also be conducted with the
eerphone plugged Into the detector (refer lo
point 3.1.). When Ihe earphone Is nol being
used. Ihe socket should be closed with Ihe
plastic plug.

r

3.4.
Connecting the Dosimeter
The COMPUR 4102 MInl-Doslmeler can be
connected lo Ihe 4100 SO (reler lo
operating Instructions lor the 4102).
The generator leal cen also be carried out
with Ihe Dosimeter connected lo the
COMPUR 4100 SO II the deieclor Is turned
180" about Us longitudinal axis relative lo
Ihe position shown In point 3.1. and then
placed on Ihe generator In that way, Iha! the
cell Ills Into Ihe recess on Ihe generator.
The lunclional lesl Is then slarted by
pushing Ihe generator button with one's
linger.
The plug should be replaced In Ihe
Dosimeter socket whenever the Dosimeter
Is not being used.

3.5.
Digital Display
Additional lo lhe warning-function ol ih»
COMPUR 4100 SO Monllox lit digital
display (6) gives • direct reading ol Ihe
actual HCN concentration.
Thut II li possible lo delermlno HCN-
concemrailona below and above iho TLV-
level. giving me skilled worker and Induslrtal
hyglenlsl iha meana lo detect unusual
condillona ol HCN-concanlrallons wilh
high accuracy and resolution.

The COMPUR 4100 SO Monllox Is. however,
even with lla digital display, primary a
measuring and warning device lor peraonal
protection.
II haa not bean daalgnad lor meecurement
In process-control; moreover exposures lo
high HCN-concenlrallons lor any length ol
lima must Be avoided, aa Iha accuracy ol
Iha reading will lufler.

3.6.
Detector Deactivation
and Storage
a) brief period ol Inactivity (up to a month)

Ihe deteclor Is deactivated
(switch lo "OFF")

b) Prolonged Inactivity and storage
It Is advlsabla to open the Monitox and
remove both Ihe cell and batteries, lo
provide them Irom leaking and corroding
Ihe Interior ol Iha Monitox (refer to the
sections on eel and battery replacement
S.3.).
Before reullllilng Ihe Monllox a new cell
has lo be Installed.

^gy îsssu^



4.
Calibration Instruction (or the
detector COMPUR 4100 SO
Monltox
To enhance the Intrinsic accuracy of Ihe
tifiiDctor lor HCN il Is necessary tocalibrate
n w rioiocirx either with i HCN nitrogen
HHhltMA with definite concentration ol HCN
m make an electronic adjustment by meant
nl ll<o COMPUR current generator
1)5000023.

Accessories required
i.t.i.
Calibration with gaa
.\\ r.alinralion cap 10 placa onto Monilox
:i| llow motor
-.) iniikvonmoiat 0 - 2000 mV;

inixn resistance » I M 0
.0 tuning. set ol lesl cables, screw-driver
.!) calibration gas. known concanuaiktn.

ulxxil 10 ppm HCN In pura N,
lliimnrk: Tha generation and abova aU Ihe

stability lima ol HCN calibration
gas is not without problems. So
il only a small number ol
detectors ara lo be calibrated,
the electronic method should be
pielored.

1.1.2.
Calibration - Elaclronlcal Method
JMT.IUTO 6 and 7)
>) calibration unit (current generator)
i) milHvorimeler 0 - 2000 mV.

Minut resistance > \ M n
;) sol ol lest cables, screw-drivei

4.2.
Zero calibration and gain
adjustment with calibration gas
4.2.1.
Preparation

Tha Monilox is opened and positioned with
the electronic components upward on a
non-sip aurlaca. Tha cover with the digital
display Is cereluHy pul aside with the
display upward.
Then lha unit Is switched on via "Ball."
position lo "ON-. The LCD-display should
read 00 ppm alter several seconds.
The excellent lero-polnl stability ol the cans
win normally make unnecessary lo adjust
the zero-point. Deviations Irom zero are
caused moalty by laull sensor cells.
For zero-checking remove sensor cell.
4.2.2.
Zero-Ad|ustmenl

Connect MilUvollmelar lo lie down point
(MP 2) and GNO (MP1) (picture 6). II the
reading la not zero In cleen al/, and also la
nol zero without sensor cell, polonllomeler
(H 9) (ollsal voltage) has lo be viund unlil
the reading Is zero.

Hole: llreadinglszerowilhoulcellandnol
zero with Iho cell, II may need up lo
one hour lo stabilize the celt. II a eel
has bean removed lot a longer
period without shon-cuculllng the
Iwo connectors, the lime lo stabilize
may be up lo one day. A now call
therefore has short-circuit on Ihe
smaH pcb. that must be broken away
before Inserting the ceH.

4.2.3.
Gain Adjustment with gaa
The special calibration adapter Is tightly put
onto Ihe doll Idler on lop ol Ihe detector cell.

Adjust a calibtatlon-gas llow through Ihe
calibration cap: llow rale should be appro*.
100 con per minute and Ihe Inlel must be
the smoker pipe: lo avoid pressure
verletions the outlet should be Iree ol
obstacles. Alter a minutes Ih* display ol the
Monilox has reached Us Itnal value.
Connect millivoltmeler lo lie down point
(MP 2) and GND (MP 1). Depending on the

• concentration ol tha calibration gas tho
following voltage should be displayed:
(adjust by means ol pot R 7)

U- [cllnppm
10 ppm ftbmV

The display ol the Monltox must show Ihe
gas concentration. In Ihe opposite. adjust
pot (R IS) unlil cornel reading Is shown.
4.2.4.
Oaln-Adiustmant with the currant
calibrator

Each doloctor coll produced by COMPUR
Is supplied with an Indication ol the output
current al 10 ppm HCN. (Never throw away
packings ol replacement cells belore
having noted this Indication!!!)

Remove deleclor cell, insert calibration,
cable with Ihe plug board Into plug
connector lor deleclor eel. The gold
contacts must touch the spring contacts.
Connect other side ol Ihe cable lo Ihe
current generator.

Make sure ol correct polarity of plugs.
Switch on generator, turn button tin
generator display shows oulful current ol
deleclor cell.

Remark: Display always shows actual
value of current. II II Is roro.
check Ihe coniacisl

Connect voltmeter to tie down polni (MP V)
and GND. Adjust sensibility by means ol
poi (R 7) until BO mV Is displayed. Momio>
must now display 10 ppm. In opposite,
adjust pot (R IS).

4.3.
Setting the Alarm thresholds
The alarms ol tha standard version are to be
sel on 10 ppm (first alarm 1TIV) and 20 ppm
(second alarm 2 x TLV).

To sel the alarm levels, push Ihe 2 mini-
swltches (S1) lo me right. The display ol mo
Monilox shows now the level of the 1st
alarm threshold. This can be adjusted by
means ol lha potentiometer (R 30).

To adjust Ihe 2nd alarm level, push the
upper switch lo the lell. Tho display snows
now Ihe 2nd alarm threshold. This can bo
adjusted by means ol ma polenliomoler
(R 29).

Alter having adjusted Ihe alarm levels, push
both mini switches lo the lell. The Mon.io.
display shows now the actual concenlrauo/
of HCN.

4.4.
Concluding the adjustment
operations
Alter the setting* have been nude, turn tho
twitch on the pcb lo "OFF--position. Mtk«
sure thai Ihe twitch-handle on lh« cover it
•Iso In the •*OFf7"-positK>n..Then carefully
replace Ihe cover and (old the connecting
cable between pcb and display so that n is
neither squeezed In nor oacked. Tighten
Ihe sc/ews. The Moniiox Is now ready lor
operation.

T



5.
Maintenance and Servicing
Instructions

5.1.
Battery Replacement
1. Turn switch (7) to "OFF".
2. Remove three screws (12).
3. Turn detector over and remove Ironl

cover.
Attention: Do not aliempi to remove the
cable between Iron! panel and pbcl

•l. Ltli out battery housing, disconnect plug.
S. Unscrew and remove battery Hd*.

Replace bailer lea with +pole towards lid.
Replace lids,

fi f>kig-in ballery plug. Ensure cable, and
cnbia socket in right position.

7. Replace ballery housing and Ironl cover.
cnreluny adjust the cable ol the Iron!
panoi. so that It is not damaged by fixing
llio lionl panel; then tighten the screws,

n. Hope*! battery test.

5.2.
Filler Cap Replacement
i remove screws (J) (picture 4) and open

detector.
2. Carefully remove sensor cen together

with later cap (5). PuH cap oil ceH (4).
.Y At inch new liller cap (with identical gas

Libel HCN) and return sensor cell to
ndfjmal position.
TiUar cap order number appears on plate
..(inched lo in»ide ol Ironi ptnel end Is
ksiod In section 6.

l Unpince Iront cover and lighten screws
S. ftopeai performance lesl.

5.3.
.Sensor Cell Replacement
1. Open detector (see S.1.).
2. Remove eel together wllh liller cap.
3. Remove new cell and liller cap Irom

storage container, pull transparent cap
oil the ceH and replace this by Ihe new
liller cep. Correct position ol liller cap Is
shown In Illustration.
Remove short-circuit protection
attached to pcb by breaking II away.

4. Proceed current calibration (4.2.4.).
5. Replace sensor cell wllh nitor cap In

proper position.
6. Close Monllox.

5.4.
Generator Cell Replacement
(picture 5)

1. Open housing
(as when replacing ballery)

2. Unsolder lan leads (10).
3. Loosen lour screws (11) and three

screws (12).
4. Remove outlet, gas cell and lan through

the Ironl.
5. Carelully Insert replacement unit

U 5020 300 consisting ol outlet, cell and
lan and lighten screws (12).

6. Tighten screws (It). Align circuit board
so that pm (13) reliably actuates switch
(14) when gas delecux attached.

7. Resolder lan leads (10).
a. Reassemble generator and lighten

screws.
9. Testing-. Use properly lunclioninQ gas

detector lor same gas. Switch lo "ON".
allach. Alarm must sound aller about
eight seconds.

5.5.
Generator Battery Replacement
loosen lour screws on rut housing panel.
Carefully remove Ironl cow. For correct
positioning ol ballery. reler lo illuiirallon S.

5.6.
Troubleshooting
Malfunction Remedy
Ballery lest:

.no response
Generator lest:
no response

Generator does not
supply enough gaa

Red LED light] up
during lest

Replace naileries
(5.1.)
a) Repeat test using

2nddeleclor.il
no response, b)

b) Replace liller cap
(5.2.). II not
dirty, c)

c) Insert new sensor
cell (5.3.)

Use molsluritlng
cap lor several days,
otherwise replace
generator cen (S.4.).
Replace generator
batteries (5.5.).

Accessories and consumables
Part Numbers

1. Gas detector digital
display. 2 alarm
thresholds with
Dosimeter output U 5306 20}

2. HCN cell with liller cap U 5000 l03
3. HCN filler cep (10 pea) U 5810 341

4. Ballery PX 23 (1 pc.) U 4990 001

5. HCN gas generator U 5390 300
8. HCN generator cell U 5820 300

7. Calibration gas adapter U 5900 106
fi. Measuring cable:

caHbrellon U 5900 112
9. Digital Voltmeter U 5900 01 a

10. Current calibrator U 5900 023

11. Calibration cable used
In connection with
current calibrator U 5900 125

12. Oelectolog
13. Earphone

U 5900 004
U 5900 002

frflivrew.̂ ^̂ ^



APPENDIX G-9

CALIBRATION AND MAINTENANCE OF THE GAS-TECH DETECTOR
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Explosive gas mixtures can malm, disfigure and kill , tox ic
vapors can cause Impairment of health , and oxygen deficient
atmospheres can cause instant death . It Is essential that
users of this instrument read , understand and follow the
instructions for operation and maintenance, and the pre-
cautions contained in this manual to ensure that the instru-
ment will warn of explosive or oxygen deficient atmospheres.

This instrument is designed and intended to warn personnel of
the hazards of combustible gas or oxygen deficiency prior to
entry or while occupying spaces subiect to such hazards. It
can safely be used In testing any mixture of combustible gas
In air. The electric circuitry is non-incendlve to any gas
mixture in air and is certified by the manufacturer to be
intrinsically safe against initiation of explosion in Class I
Division 1 Group C and D environments.

Explosive mixtures of acetylene or hydrogen in air (Group A
and B atmospheres ) are unsuitable environments for personnel
and for electrically operated instruments. The GasTechtor
w*« not designed for use under such condlt ions and as such is
not certified intrinsically safe for Group A and B atmos-
pheres.

Likewise, use of the instrument with oxygen-enriched mixtures
is beyond the normal scope of its intended application.

DO NOT SAMPLE OK TEST OXYGEN-ACETYLENE
NIXTORBS AS FOUND IN OXT-ACBTTLBNB WELDING AND
COTTINQ BOOIPNENT.

DO NOT USE FOR DETECTION OF TOXIC GASES OTHER
THAN ORGANIC VAPORS IN THE TOXIC RANGE.
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1939-060586-S

SPECIAL INSTRUCTIONS

Model 1939 OX Tr ip le Range GasTechtor
For 0-1001 LEL/0-100t by Volume of Methane t 0-251 Oxygen

IB instrument in a special version of the Model 1314 triple-range
rdrocarbon Surveyor as described in the accompanying manual pages.

i lume is provided. Refer to the accompanying manual for general
format ion on the GasTechtor Model 1314, and refer to these supple-
n ta ry pages for specific information relating to the Model 1939 OXirs ion.

A. LEL and Oxygen Ranges

1 3 1 4 , so the ac

B. 100% Gas Range

mpany ing instructio

ments, wh ich respond to the cooling e f f ec t of methane relative
to a i r , and hence can be used over the f u l l range of concentra-
tions from 0 to 1001. The thermal conductivi ty section Is acti-

The thermal conduct ivi ty Wheatstone bridge circuit Is independ-

trols. The zero adjust potentiometer is accessible only while
the Instrument is opened; the control, marked GAS ZERO, is a

warned up for 10 minu te s or more. f Zero on % GAS scale is how-

meter , so th is knob position should not be changed while in the
I GAS range.)

Cal ib ra t ion and alarm sett Ings are adjustable, using the poten-
t iometers marked PPM SPAN and PPM ALARM respectively. Span can
be set to give a reading of 100% whi l e undi luted propane is ad-

racy. Therefore always adjust zero wi th the hose probe, and any

1939-091786-S1

Therm*! conductivity filament* connect to a Bet of terminals found
at the end of the sensor block. To replace thermal sensors t

1) Disconnect wires at terminals noting wire color and location.

2) Remove retaining screws at each corner of the sensor plate.

3 ) Pull out sensor plate with sensors .
4) Install new sensor assembly in same position . Be sure gasket

IB in place.

5) Tighten screws snugly.

6) Reconnect wires to terminals as noted in 1 ) above. Turn on,
and adjust zero and span.

Filaments wil l rarely if ever require replacement, as they operate

2)

Replace cotton when it becomes wet or dirty.

Hose, is attached by means of a knurled and threaded fitting
on each end.

Replacement Parts
The only significant additions to th« parts list in the accompany-
ing Instruction Manual arei

Stock No. Description

17-0491
30-OSOO
62-0106M
80-0001
80-0150

Adapter, inlet
Fitting, inlet
Filaments, thermal conductivity
Hose, teflon-lined
Probe, 10- plastic

When ordering any spares or replacement parts, always specify
Model 1939 And serial number.
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INSTRUCTION MANUAL

GASTECHTOR

HYDROCARBON SUPER SURVEYOR

MODEL 1314

PPM/LEL GAS INDICATOR WITH OXYGEN SECTION

AND MODEL 1238

PPM/LEL GAS INDICATOR

Serial No. : _______________

Calibrated Cor i _______________

LEL Alarm i ________________% LEL

PPM Alarm s _______________ppm

Oxygen Alarm i ________________% Oj ( F a l l i n g )

_______________ft 02 (Rising)
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I. GENERAL DESCRIPTION

The Model 1314 GasTechtor Hydrocarbon Surveyor I* * battery-

concent rat tons of combustible gas or vapor In air, in the
exploeibility and parti per Million <PPM) ranges, almultane-
ou»ly with measurement of oxygen and detection of oxygen
deficiency. It can detect and Indicate gas concentration* up
to the lower explosive It-it (LED and actuate a characteris-
tic audible signal If concentration exceeds a preset level.
It also analyzes for oxygen over a range of 0 to 251, and
actuates a different audible signal if oxygen concentration
drops below a preset Level. In later models, a third charac-
teristic audible signal is actuated If for any reason the
oxygen concentration exceeds 25%. Samples of the atmosphere
under test are drawn continuously by Means of a built-in pimp
and analyzed for combustible gas on • heated catalytic platl-
nuM elamnt. A solid-state amplifier is used to amplify
indications of the catalytic element to give adequate meter
deflection even on trace gas concent rat lone. At the same
time, the sample passes over an oxygen detector which gives an

Power for the Instrument la provided by a built-in recharge-
able battery. An extension hose permits withdrawal of samples
from specific points or enclosed spaces. An audible alarm,
active In both combustibles ranges and in the oxygen range,
sounds whenever gas concentration reaches a preset level, and

dead battery. Instrument Is designed to withstand severe ser-
vice Including exposure to water, dust, bumps and rough
handling.

The Model 1238 is an equivalent Instrument for measurement
of combustible gas in two ranges, but without Inclusion of the
oxygen section. If using the Model 1238, disregard all refer-
ences to oxygen measurement in this manual.

ous organic vapors around industrial operatlona. The Surveyor

of combustible gas are to be detected. other uses are In
determining explosion hazard In tanks and other confined
•paces, checking for presence of flammable vapors, and inves-
tigating cases of suspected arson, with the Model 1314, every
test for combustibles or toxic hydrocarbon vapor is automati-
cally accompanied by a teat cor oxygen deficiency.

II. DETAILED DESCRIPTION

A. Housing

The Model 1314 is housed In a fiberglass case which Is

and sample-drawing system, has no openings near the bottom
and hence can safely be placed in mud or water up to 4 cm
depth without hazard to the internal components.

The upper half contains all of the electronic circuitry,
and is provided with a substantial carrying handle. The
lip of the upper case overlaps the lover, to shed water.
Upper half is clamped to lower by means of a heavy-duty
knurled thumbscrew. ,

FIGURE 1. MODEL 1314 HYDROCARBON SUPER SURVEYOR

UPPER HALF

LOWER HALF

FIGURE 2. MODEL 1314 HOUSING



B, Combustible Gas Sensor

The co«bustible gas sen*itive detector is a replaceable

the pump. The pump exhaust (lows through the oxygen

through a vent hole in the front.

to stabilize the measurement and compensate for effects of
non-combust ible gases, temperature v»r iat ions, etc>
Elements are protected by a sintered stainless steel flame
arrestor, which permits access of the surround ing atmos~

flame should an explosive atmosphere b« sampled. flame

flow fluctuations.

Detector assembly connects electrically to circuit board
by means of three screw terminals, accessible when upper
half of houaing is removed.

C. Oxygen Sensor

which gold and lead electrodes are immersed in an alkaline
electrolyte, and covered by a permeable fluorocarbon mem-

reaction whose rate is directly proportional to the

tion being lead oxide. The current generated by this

alarm circuit.
The detector is clamped into « cavity in an anodited alum-
inum block, through which the sample flows after it leaves
the pump.

D. Meter

where 100% LEL represents the minimum concent rat ion of gas

when placed in contact with an ignition source.

of the battery.
A second scale, 0-500 ppm, is pr ov ided for use when in-
strument is in the PPM range. (0-1000 ppm is an option-
al range.)

scale, "02 CAL", corresponds to the normal oxygen con-
tent of atmospheric air, 21%.

Rev. 9/B7

COMBUSTIBLES OXYGEN

FIGURE 3. SENSORS

\'

FIGURE 4. METER DIAL



E. O>ntrol« t Indicator!

1. The six controls that are used in normal operation of
the inatrument are arranged on the left side of
instrument aa viewed ttom the rear. These control*
ate received to minimize poailbility of accidental
operation.

a) POWER switch, an alternate-action push button
switch which energ i zes circuit when pressed. An
orange indicator dot Is exposed when the switch la
In the ON position, serving as a Mechanical pilot
light.

battery condition check.

c) PPM/LEL ZERO, a potentiosieter which la used to ad-
just combust ibles circuit to read zero In the
absence of combuatibia gaa. The potentiometer
aha ft way be fitted with a control knob for con-

acre wdrlver slot to Minimize accidental change.

d) LEL-PPH switch, an alternate-action push button
switch used to select combustibles operating

Hhen in, as indicated by the colored indicator
dot. circuit is in the sensitive ppm range.

e) OXY-PPN/LEL awitch, an alternate-action push
button switch which selects the operating range,
either combustibles (PPM/LEL) in the "out" posi-
tion ot oxygen (OXY) In the "in" position. A

•in-. (Not found on Model 123*)

f) OXY CAL, a potentiometer which is used to adjust

known normal a ir . It also nay be fitted with a

on Model 123S)

rout ine operation, are descr ibed In Circuit Board
Section below.

2. Indicators

is in abnormal oxygen cond i t ion. (Hot found on
Model 1238)

r. Buzzer
A solid-state electronic buzzer is mounted at the rear of
instrument, behind perforations which permit transmission

excess oxygen or a malfunction, either low battery voltage

respond to the visual pulses of the corresponding alarm
1iqht, except in the case ot excess oxygen which gives a
steady tone.

OXYGEN CALIBRATION
CONTROL KNOB

OXY-PPM/LEL RANGE SWITCH/
(PUSH BUTTON)

POWER SWITCH
(PUSH BUTTON)

GASTECHVNC MCWAHK ca .4.*o. us

LEL-PPM RANGE SWITCH
(PUSH BUTTON)

* ALARM LIGHTS
(LED8)

^ PPM/LEL ZERO
CONTROL KNOB

BATTERY CHECK SWITCH
(PUSH BUTTON.MOMENTAHV)

FIGURE S. CONTROLS AND INDICATORS

UPPER HALF
(INVERTED)

BUZZER

/LOWER HALF
/ (SAMPLING SYSTEM NOT SHOWN)

FUSE ————i N—— BATTERY PACK

FIGURE «. INTERIOR OF UPPER AND LOWER HALF



C. Batterlee

•pere-hour
bin lower

case, or with holes ill the way through to accommodate 3"-

, th a connector

connects to the charger socket, to that battery May be un-
plugged at both ends for convenient removal. Current
11. I [»C

protective fuse (type 3AG 1A) is Installed, In a recessed
tuseholder set Into top surface of pack, and serves as an

CasTechtor Instruments may be supplied with the 49-8051
Battery Pack with replaceable cells. This design was
developed for the convenience of replacing any cell that

pack. This battery pack la permanently secured by two
screw* through the bo tton of the case. Instruments bear-

Bettery packs manufactured 1987 end later nay have *
third (orange) wire connected to the output plug. It has
no function in Model 1238/1314.

H. Circuit board

circuit components are arranged on two epoxy-glass
nted circuit boards. The main board includes the power

su ply* the combustibles amplifier and alarm circuit* and
oclated controls. A second board Is Installed above

main board, and 1» related primarily to the oxygen
de ection circuit. It is inaccessible while Instrument Is
assembledi except for the two potentiometers which are
reached through access holes on main board. (Second
board not found In Model 1238)

adjustment when case is opened,
screwdrlvert

ailable Cor user
use of a small

the ppm

b) LCL ALARM Threshold, to set the audible alarm to
be actuated at a specific meter reading on the LEL
range. A typical setting is 20% LEL.

c) PPM ALARM Threshold, to set the au<

range. 100 ppm would be a typical setting.
0J LEL SPAN, is used to set sensitivity or span in

LEL range.
e) PPM SPAN, is used to set sensitivity in ppm range.

Rev. 9/87

CHARGER
CONNECTOR

FUSE

INSTRUMENT CONNECTOR

FIGURE 7. STANDARD BATTERY PACK

OXYGEN CIRCUIT BOARD (HIDDEN)

UPPER HALF
(INVERTED)

r-OXYGEN ALARM (LOW)

•COARSE ZERO (LEL)

OXYGEN ZERO

OXYGEN
ALARM
(HIQH)
(HIDDEN)

LEL ALARM
PPM ALARM

FIGURE 8. CIRCUIT BOARDS WITH ADJUSTMENTS



2. Two miniature adjustment potentiometers are provided
on the underside of upper oxygen circuit board, ac-
cessible when case is opened and adjustable by use
of a small screwdriver through the two holes in main
board.

a) ZERO, to Da lanee the oxygen circuit for lero
output while the detector is sampling oxygen-
free gas such as nitrogen. This Is the control
closer to the rear.

b) ALARM Threshold, to set the oxygen concentration
at wh ich the oxygen de f iclency alarm is actu-
ated.

c > The high oxygen alarm ( 2 5 % ) , prov Ided on the
later models, is fsctory set, and can be read-
Justed only when the main board Is removed.

Sample System

Sample system consists of the flow path, from probe to

oxygen chamber and exhaust. These components are fur-
ther described below.

1. Probe consists of a 10" long 1/4" OD plast ic tube
with a dust filter chamber at the upper end, forming
a handle. This filter chamber is of transparent
acrylic plastic, so the filter condition can readily
be inspected. To replace filter, unscrew filter
chamber where it connects to the nickel-plated
threaded base.

2. Hose, a 5' flexible polyurethane tube equipped with
a male quick-connect couplIng with an O-ring seal,
to engage inlet fitting of instrument on one end.
The opposite end has a threaded f itt ing onto which
the probe is fitted.

3. Inlet fitting, a quick-release female coupling on
front of instrument, is screwed directly Into reac-
t ion chamber. A sintered stainless steel disk is
permanently installed with in fltt ing, and serves as
a filter to remove dust from Incoming sample.

4. React ion chamber, nous ing combust ibles detector, is
an anodised aluminum block with threaded neck and
lock nut to retain detector in flow path of sample.
An out let nipple and flex ible tube connect chamber
to pump.

5. Pump is of the motor driven diaphragm type, with a
brushleas DC motor having no commutator or sparking
contacts. It operates directly from the battery
output whenever power switch is on.

6. Oxygen chamber, holding oxygen detector, is an anod-
ized aluminum block with a cavity into which oxygen
cell is clamped. An O-ring seal Is provided to pre-
vent leakage from chamber, and a spring clamp bar
maintains pressure against the seal, but can be
swung aside and removed when changing cell.

OXYGEN CHAMBER 7 "_7 r LOWER HALF

10" PROBE

FIGURE B. SAMPLE DRAWING SYSTEM



J. Charger

several days without damaging batteryt however, avoid
charge periods longer than 24 hours If poaalble.

Charger la wired for 115V or for 230AC SO/CO Hi power
source (see nameplate for voltage rating of charger
supplied with this Instrument.)

Later Instruments are provided with the Ho. 49-2133
(49-2134 for 220-240V AC) dual-rate timed charger, which
provides a full charge over a 16-hour period, then auto-
matically cuts back to a sustaining rats. An a*ber light
shows that battery Is receiving a charge; when complete,
the green light Indicates that the battery Is ready to
use. This charger Is also available aa a replacement

K. Continuous Operation

Instrument can be operated continuously from a 12 volt DC
source, such as a 12 volt vehicle battery, by use of a
Continuous Operation Adapter. This Is a power cord with
voltage-dropping diodes built In, and with a mating plug
to fit charger socket. When connected to instrument and
to a 12 volt source, it will carry the load and tend to
recharge the battery. It may also be used as a DC
charger.

Adapter is furnished with a cigarette lighter plug to fit
any negative-grounded vehicle with 12 volt battery. Orderany negatlve-g..-
Part No. 47-1501.

An adapter for operatlor
Order Part Ho. 49-2037.

FIGURE 10. BATTERY CHARGER

115V AC is also available.

The intrinsic safety rating of the CasTechtor does not
•PPly while being operated from an external power
source.

L. Auxiliary Battery Pack
Where sustained battery operation of more than 8 hours is
required, an auxiliary battery pack accessory Is offered.
It Is assembled into a housing which clamps to the bottom
of the GasTechtor and plugs into charger connection. Thia
extenda operation for an additional 8 hours. Order Part
No. 49-8054.

H. Sample Line Filter/Trap
For moist or dusty env1ronments, two f11ter accessorles
•re offaredi
1. A glass-bodied filter-trap aasembly is offered, to fit

Instrument Inlet and accept the sample hose. This
will remove dust and liquid water frosi incoming sample
lins. Order Part No. 80-0204.

2. A dlapoa«ble plastic filter, with water repellent
(hydrophobia) element Is available for Insertion Into
the sample line at the Instrument end. It will block
water fro* passing through the filter and Into the
instrument, as well as removing particles. Order Part
No. 80-0222.

-12- «•* ^h/

FIGURE 11. CONTINUOUS OPERATION ADAPTER



I I I . OPERATION

A. Normal Operation

To use instrument, carry out the following steps

1 . Attach hoee and probe to instrument by means of the
quick release fitting.

2. Put LEL-PPM «wttch in LEL (out) position, with black
Indicator showing, and OXY-PPM/LEL switch also in LEL
(out) position.

4. Press BATTERY CHECK button and note meter reading.
If reading Is close to or below BATT CK mark on meter,
recharge battery.

5 . Al low to warm up unt i 1 meter stabi 1 1 tea ( about a
minute) . If pulsed oxygen alarm continues to sound .
turn OXY CAL potentiometer clockwise to stop It. If
the sound is steady, turn the potentiometer
counterclockwise. Then, with hoee inlet in a g«s-frse
location, turn PPH/LEL 2ERO potentiometer to bring
meter to "0" Indication. (1C impossible to reach tero
within span of potentiometer, adjust COARSE ZERO. See
V.A.2. and 3.)

6. Next put OXY -PPM/ LEL switch in the OXY (in) position,

potentiometer to bring meter to the Oj CAL mark
(211).

As a quick check , gently breathe into hose inlet and
allow instrument to sample expired air. Reading
shou Id come down to abou t 16, and alarm shoo Id sound
at 19.5*. Allow it to return to 21, then put aw itch
back in LEL position.

7. An atmosphere containing more than the normal 21%
oxygen content will produce an increased oxygen
reading. If instrument is provided with a high oxygen
alarm, then it w i l l sound in a steady tone and the
amber alarm light will blink when reading reaches or
exceeds 251.

8. Instrument w i l l automatically test for oxygen whenever
it is used, and will give pulsed audible and amber
light alarm if oxygen content drops to 19.5%. It is
not necessary to use instrument with switch in the OXY
position unless oxygen measurements are of primary
interest. If both abnormal gas conditions exist
simultaneously, both lights will blink in their normal
pattern, but buzzer will sound continuously.

Rev. 9/87

9. For readings In the 0-100% LEL range, hold hose in-
let at point to be tested. watch meter and observe

setting (initially 20% LEL), pulsed red light and
audible alarm will commence, and will continue as
Long as reading remains above alarm point. After
taking reading, purge Instrument with fresh air be-
fore turning off .

If reading on 0-100% range is imperceptible or very
smal1, use the sens ItIve range. 0-500 ppm. First
allow to warm up in the LEL range, and then push
LEL-PPM range switch to put circuit In PPM range
(colored indicator shown). Rezero carefully with
the PPK/LEL ZERO potentiometer.

NOTE

Instrument m*y be equipped with the optional 0-1000
ppm sensitive range, or with SOSM special range.
See Title page for information on actual range ot
Instrument •• supplied by factory.



IV. INTERPRETATION

A. LEL Range

Th is range <i ives r«ad inqs in terms of nearness to the
lower explosive limit (LEL), with 1001 correspond ing to
the LEL of the qas for wh ich the instrument is cal i-
brated.

ment. Th is change is approximately 1inear up to the LEL
prov ld«d there is suf fic lent oxygen in the sample to
support combustion.

B. PPN Range

This is a very sens it ive range, obtained by ampli f ica-
tIon of the signal from the catalyt ic element. Sens i t i -
vity is set for a direct read ing in ppm of the qas for

feet is s t i l l observable at the high sensitivity level.

range, hut will not b« direct-reading and will reguire a

convers ion factors are included in th is manual; refer
to Table I, page 33.

C. Oxygen Range (Model 1314 only)

Normal read i nqs w i l l be around 211, with alarm set about

lero vetting, AS described in Sect. V.

0. Abnorma1 Ind icat ions

1 . If hat tery voltage drops helow the desIgned val ue
(about 8.2 volts) the low battery alarm will sound.
Th is is a cont inuous aud ible tone. To ver i fy the
cause of the alarm, press BATTERY CHECK switch and
note that meter reads below check mark. Intensity
of alarm sound w i l l increase gradually over a period
of a half hour, giving ample warning prior to actual
failure.

below 0 by 101 or more, the low l i m i t alarm will

3. If oxygen cell output decline* or deteriorates, at
Ls likely toward the end of eel 1 11 Ee, this will
produce a reduced reading, and alarm.

4. If oxygen detector Is unplugged, or If one of the
wire* connecting It Internally is broken, reading
will go to zero, or below, and alans will COB* on.

5. On *o«e later Model*, the steady audible tone sound*
when the oxygen reading exceed* 25*. This charac-
teristic i* provided to warn against the increased
fir* h«t*rd due to excess oxygen. It *lso serves a*
a warning in case of oxygen cell failure in the
high-output Mode, which can occur occasionally. It
further precludes accidental or intentional Incor-
rect adju*t«*nt of the oxygen calibration control to
•n abnormally high level above 25.



V. CALIBRATION AND ADJUSTMENT

A. Combustibles Calibration

To check and adjust calibration on a known gas sample.
1. Turn instrument on and allow it to warm up and sta-

bllixe, preferably for S minutes. Be sure batteries
are charged sufficiently to read above the check
mark,

2. Open Instrument case by loosening captive screw at
front. Lift upper half of caae slightly, move 1/4"
to rear to disengage rear clamp t than separate the
two halves. Locate COARSE ZERO potentiometer on un-
derside of circuit board (marked 'ZERO').

3. Turn external PPM/LEL ZERO control to center of its
span. Then turn COARSE ZERO potentiometer to bring
meter to zero reading.

4. To calibrate the LEL range, insert sample Inlet tube
into a vessel or other source of known calibrating
qaa. Hatch mater and note highest reading. If It
la Incorrect, turn LEL SPAN potentiometer to give
desired reading.

5. For PPN calibration, follow same procedure with
range switch in PPM position, and use PPM SPAN po-
tentiometer. Before making this adjustment, allow
system to warm up and stabilize thoroughly, and saro
carefully In the PPM range.

MOTE

In the sensitive pom range It is Important tbat the
humidity of the sample be the same as that of the
air used for iero adjustment. If they are dif-
ferent, a significant offset in sero reading may be
observed. To overcome thia, a humidifier may be
used for both sero aad calibration teats, providing
the calibrating gas la one that will not be absorbed
in water. The GaaTech Calibration Kit is supplied
complete with humidifier and accessories for this
effect. See Appendix A.

C. If tero cannot be adjusted, or if reading cannot be
set high enough, replace detector.

B. combustibles Alarm Threshold
The reading at which the alarm is actuated in each range
can be set by use of the corresponding ALARM Threshold
potentiometer.

1. Mlth Instrument in range to be set, turn PPM/LEL
ZERO adjust to bring meter to desired alarm setting.
It may be necessary to use the COARSE ZERO to reach
this point, in LEL range.

2. Turn corresponding (LEL or PPM) ALARM Threshold po-
tentiometer to the point where alarm just operates.
Clockwise rotation wi l l lower alarm setting. Verify
setting by turning PPM/LEL ZERO control to bring
meter indication into and out of alarm lone.

3. When the combustibles Alarm Threshold has been
satisfactorily set. readjust the tero potentiometers
to eatablish a tero meter reading as In A.3 above.

Oxygen Zero Adjus tment

OXY-PPM/IEL switch on OXY ( i n ) position. To check and
adjust zero on a known oxygen-free samplet

1. While instrument case is open, iden t i fy ZERO poten-
tiometer, which is located on oxygen (upper) circuit

board.

2. Allow instrument to sample
sample, such as nitrogen, argo

known oxygen-free
or helturn.

3. Watch meter carefully. I f reading does not go ex-
.t by turning ZERO potentlo-

4. If tero adjustment cannot be made, have oxygen cell
react ivated.

5. After zero adjustment has bean completed, return
hose Inlet to normal atmospheric air. Readjust OXY
CAL control as necessary to bring meter reading to

6. If read Ing cannot be set high enough, have oxygen
cal 1 reactIvated.

D. Oxygen Alarm Threshold

The reading at which the oxygen alarm la actuated can be
set by use of the ALARM Threshold potentiometer.

1. Turn OXT CAL to bring meter to desired alarm set-
ting.

2. Locate oxygen alarm threshold potent iometer, on
oxygen circuit board, which la accessible through
the hole adjacent to the LEL Alarm adjustment.

3. Turn ALARM Threshold potentiometer to the point

raise alarm setting. Verify setting by turning OXT
CAL control to bring meter Into and out of alarm
zone.

4. when the oxygen Alarm Threshold haa been satisfacto-
rily set, readjust the OXY CAL potentiometer to
bring the meter reading to 211 (O2 CAL).

E. Oxygen High Alarm (25%)

This alarm point is factory set and generally need not

by trial, but this can only be done when the main board
is loosened and pulled aside (see Section VI.D. steps
1 -6). The high alarm potentiometer is the one closest
to the rear, without an access hole.



1. Ch«ck battery voltage
BATTERY CHECK switch .
reaches minimum.

periodically by pressing
Recharge before voltage

When connecting charger, always follow these steps t

a> Confirm that the plug Is Inserted In the correct
way, with the THIS SIDE UP label upwards. The
socket Is polar i led, with the pin* offset below
the center line, but can sometimes be forced on
the wrong way, particularly If it has becosie
worn with use.

b) Verify that a charge Is actually entering bat-
tery. To do this, turn instrument on and check
•wter read ing whi le BATTERY CHECK button is
pressed. Observe reading while charger is plug-
ged and unpluqqed at wal I socket . If reading
increases when charger is connected , and da-
creases when unplugged , battery is receiving a
charge. If no change is observed, then probably
charger or power circuit is at fault . If char-
ger la defective , return it for repair or re-
pi acenant .

After verifying that instrument is accepting a
charge , turn instrument switch of f . Do not
attempt to charge while instrument Is turned on.

be obtained afterIf sufficient voltage cannot
charging , open instrument andi

a ) Check voltage output with a voltmeter , between
red and black wires (unplug connector to gain
access to pins ) . Voltage should be about 8,5
volts.

If voltage is acceptable, but volt check reading
is too low, meter or switch could be «t fault.
If voltage is too low, battery is at fault.

b) If no output voltage can be obtained, check fus*
by unscrewing recessed cap, marked "FUSE", and
removing fuse. It can be checked visually or
with an ohswteter. If burned out, replace with a
n«w one, but be sure to attempt to Identify the
cause of the overload or short circuit. Fuse
must be type 3AG-1A.

c> If battery voltage is too low, and cannot be
brought up by overnight charging , it probably
needs replacement. To remove, take out the two
screws holding it to bottom of case, and unplug
black and orange wire connector at charging end.

stal t«d and is found defect iv« , open th* pack and
check the voltage oE each ind iv idua l cell w i t h a

and May b* held down by hand to ease the screw re-
moval. Ca re fu l l y remov* the lid and the individual
cells.

a) Th* cells supplied at* th* Stock No. 49-1501 r«-
chargcabl* D-sl t* nlck*l-cadsilum type, 3 . 5 -4 .0
AH, and when charged, Measure about 1.35 volts .

into the pack in accordance w i t h the diagram on
the 1 Id. (H*gat ive end to spr ings, button end
to c ivets .I Leave th* proper space open for the
fuse cartridge.

c) Place th* lid onto t
and Insert screws.

* cells, press down ( i r « l y
The convoluted case w i l l

d) Join al1 loose connectors, reassemble instrument
and charge battery a* required.

*) If normal operation from disposable batteries is
deslrad, us* th* Stock NO. 45-8052 battery pack
instead of the 49-BOS1 pack. Th* spr ing-loaded
top Is held down by two knurled thumb screws.
When replacing, tighten both screws at the «a»*
time to assur* even compression of the spr ings
and proper battery contact. Duracall* typa
disposable batteries are recommended tot a
proper tit.

This battery pack has no charger connection, so
there is no danger oC inadvertent charg ing of
disposable calls. It can b* used wi th recharge-
able cells, but they must b* charged sepa-
rately.

•Duracell la a trade name Cor Duracell Inc.,
Bethel, CT 0*801.



Combust it)Its Detector

if :

potentiometer. (Including COARSE ZERO)

range of SPAN Adjust, either range.

2 • To replace detectori
a) Open instrument ase.

b) Loosen and remove the red, green and wh 1 te wires
at terminal* on ma in c i rcu i t board, noting color
coding.

c) Unscrew knurled retaining cap at react ion cham-
ber .

d) Pull out or iginal detector and install new one.

REACTION CHAMBER •

OUTLET

SENSOR
LEADS

SEAL ^~ RETAINING CAP

e) Connect wire* to terminals, turn power on, and
adjust COARSE ZEKO as In Section V.A.3.

C. Oxygen Detector
1. Oxygen sensor assembly nay require repair iff

a) Meter cannot be set to desired level within
range of OXY CAL Adjust.

b) Meter cannot be set to zero within range of ZERO
potentiometer.

a complete nei
change basis.

a battery, which gradually depletes Itself, regard-

activation, consisting of replacement of the elec-
trolyte and the membrane, plus cleaning and inspec-
tion of the electrodes. This is most economically
done at the factory.
New and

original shipment, and are date-coded. Cells re-
turned Cor reactivation ate Inspected and in-

a) Open ins t rument case. Locate oxygen cell.

b} swing re ta ine r clamp clockwise and remove it to
release cell.

c) T i l t cell upward and pull it out of case. Un-
plug cell w i r e at socket.

d) Reinstal l new or newly reactivated cell in same

of wa te r that may be found under seal.

FIGURE 12. COMBUSTIBLES DETECTOR

RETAINER CLAMP

CONNECTOR

OXYGEN CHAMBER

FIGURE 13. OXYGEN DETECTOR



If meter !• damaged, It can be removed for repair* or
replacement, a* follow* i

1. Nlth upper half of instrument moved from lower
half and inverted , looaen Internal lock nut* fro*
POWER and BATTERY CHECK witch bushing* and PPH/LEL
ZERO potentiometer bushing.

2. Remove external lock nut fro* PPM/LEL ZERO potent lo-
ne t«c. (First remove knob, it one l» used.)

3. Remove external face nut* froai *wltch bushings.

4 . Remove three screw* holding circuit board Into
caae.

5. Reaiove two nuts from meter atuda.

6 . Pul 1 circu i t board out of caae a* far ai connect ing
wire* permit.

7. Lift out meter.

If busier falla. It can be removed by first taking out
circuit board (Steps 0.1-0.6) and unsoldering red and
black wires at board. Then remove retaining acrews and
nuts.

Hotei Before removal, first verify that busier is ac-
tually defective. Connect to a 6 volt battery (Red +,
Black ->. A good busier will give a steady tone.

P. Circuit Board

Main circuit board can be removed by ateps D. 1-D.«, plue
E, olua disconnection of pump and detector wlrea at ter-
minal*. Thla allowa the board to be pulled out of the
case and put aaide for access to the oxygen circuit
board. However, it vlll remain connected to the oxygen
board until the interconnecting wires are unsoldered.

Preferably, both boards will be removed as a unit, and
returned to factory for repairs . To complete removal ,
looaen intern* 1 lock nut a , remove ax te r na 1 lock nut a
from remaining controls, and take off the hex plastic
spacera which hold oxygen board in place.

G. Filter

The filter element in Inlet fitting 1* pressed in but
can be pushed out and replaced . Hhen neceaaary , the
complete f i t t i ng can be replaced.

FIQUBE 14. METER. BUZZER AND CIRCUIT BOARD
REMOVAL / REPLACEMENT



Pumo used Is a diaohraqm typ«, driven by a brushless DC
iitotor. It should have long life, several years in nor-
mal operation, but It May lose efficiency if dirt Is

pump operation periodically by taking a sastple and ob-
serving t line for initial gas response to occur. This
should be within 5 seconds for a 10' hose. tt *my also
be checked with the flowmeter provided as a calibration
accessory. Flow should be 2.0 cfh or greater.

If pump needs servicing, it can be removed by taking out
the clamp retaining screw which extends through case
bottom. Pump can be returned for repair on an exchange
basis or it can be disassembled and cleaned. Replace-
ment pump head assemblies and diaphragms are available.

CLAMP —7 BATTERY

LOWER HALF

PUMP HEAD
ASSEMBLY

f-—— OIAPHRAOM

FIGURE 15. PUMP ASSEMBLY FOR MODEL 1314



V I I . CIRCUIT DESCRIPTION

Referring to block diagram

el-cadmium, giving 8
hours of operation.

B. On-off switch, push on/push of f .

C. Voltage regulator. Input 8.0 - 10 volts, output 8.0
volts + .05.

D. Combustibles detector, with active (catalytic) and
reference (non-catalytic) elements, forming half of
Hheatstone bridge measuring circuit. Two fixed re-
sistors complete bridge.

C. Xero Adjust, a potentiometer In the fixed side of the
bridge used to bring the bridge to balance In the
absence of gas. Two potentiometers are used, a coarse
and fine adjustment.

r. A m p l i f i e r , Signal d i f ferent ia l , to Increase output of
bridge to a suitable level for Indication and alar* ac-
tuation.

G. Span Adjust , to met meter reading to desired value for a
known sample. Two adjusters, Gl and G2, serve PPM and
LEL ranges respectively.

H. Alar* awltchinq c ircui t , to turn on combustibles alar*
signal when ampl i f ier output reaches a predetermined
point.

I. Alarm threshold adjustment, to set the point at which
combustibles alarm is actuated. (One each for LEL and
PPH ranges)

J. Meter, reads output of ampl i f ier , in units of percent
axploslblllty, in PPH, or in percent oxygen depending
upon range.

K. Halfunct ion alar* switch ing circuit, turns on alarm due
to amplifier output below zero.

L. tatt. Test switch, to connect meter as a voltmeter mo-
mentarily, to check battery voltage.

H. Busier, a solid-state electronic sounder which delivers
a continuous tone when energized.

N. Hultl-Vibrator, an oscillating circuit to give a pul-
sating signal to butter, as an identif ication of alarm
condition.

0. Voltage-tens Ing circuit, to detect low battery voltage
and actuate alarm signal .

P. Logic circuit, to accept signals of various types and
direct them to buixer circuit.

0. Pump, vlbrstory diaphragm typs, to draw sample contin-
uously through sample system and over detector.

R. Oxygen Sensor, which supplies a signal voltage propor-
tional to oxygen concentration.

S. Ampllf le

T. Zero, oxygen, a potentiometer used to balance output of
amplifier to zero in the absence of oxygen.

U. Span

Range switch, alts mate-act ion pushbutton,
or PPH ranges by change of amplif ier gain.

LEL

Span, oxygen, a potentiometer used to set gain of ampli-
fier to give desired sensitivity on a known calibrating
sample.

V. Alarm switching circuit to turn on oxygen alarm signal
when amplifier output drops or rises to a preset point.

H. Alarm Threshold adjustment, to set the point at which
oxygen alarm comes on. (One each for f a l l i n g and rising
alarm.)

X. Range switch, to select range for readout of meter,
either oxygen or combustibles.

T. Alarm l ight, oxygen, which blinks on and off whenever
system is in oxygen alarm condition.

X. Alarm light, LEL, which bl inks on and off whenever sys-
tem Is In combustibles alar* condition.



VIII. PRECAUTIONS AND NOTES ON OPERATION

A. Heated Samples

When sampl ing spaces such as hot tanks that are warmer
than the Instrument, remember that condensat ion can oc-
cur as the sample passes through the cooler sample line.
Mater vapor condensed in this way can block the flame
arrestor and interfere with punp operation.

If heated hydrocarbon vapors of the heavier hydrocarbons
(flash point 90*F or above) ar« • present, they may also

ment. Thus an erroneous low reading may be obtained.

B. Filament Poisoning

Certain substances have the property of desensitizing
the catalytic surface of the platinum filament. These

in reduced sensitivity or In failure to give a reading
on samples containing combustible gas. The most common-
ly encountered catalyst poisons are the sllicone vapors,
and samples containing such vapors even in small proper-
tIons should be avoided.

Occasional calibration checks on known gas samples are
desirable, especially if the possibility exists of expo-
sure to sil1cones. Where persistent poisoning action
occurs, special silicone-resistant elements are availa-
ble.

C. Other Gases and Vapors

The instrument is designed and calibrated specifically
(or the gas specified in the original order. It can be
recalibrated and used on other gases and vapors, by
proper use of the calibration control while sampling a
known gas-air mixture.

0. Rich Mixtures

When sampling rich mixtures, on the lOOt LEU range, the
following instrument action may be expected!

1.

2.

mixtures up to 100% L.E.L. - Reading on scale

mixtures between L.E.L. and Upper Explosive Limit
(U.E.L) - Readings at top of meter

mixtures above U.E.L. - As sampling continues, the
meter first goes to top of

• scale, then comes beck dovn
on scale. Very rich mix-
tures will give close to a

mmable liquids (gasoline, kerosene or paint solvent)
often used in starting intentional fires. Investl-
lon of such fires can be greatly aided if the pre-
ce and location of such liquids can be determined at
•Ite, as soon as possible after the Eire i« extln-

shed. The Hydrocarbon Surveyor can be of great as-
tance In making this determination.

In testing for residual flammable liquids, look for
places where the liquid could have been trapped and
where it might remain even after the fire. Naturally,
I f is
little likelihood -of any liquid or vapors remaining.
Conversely, the earlier the fire has been extinguished,
the greater the chance of finding significant amounts of
liquid remaining.

In checking for residual volatile liquids, set the In*
•trument up in accordance with th* preceding Instruc-

LEL range,
carefully li

Then turn to ppm range and balance xero
•ediately before taking the test.

Hold end of hose or probe at point where vapor• may be
present, and watch meter carefully for any sign of a
deflection. Check at joints or crack* between boards,
for example under baseboards or plate* in contact with
flooring. Pry boards up to form a small crack where
hose or probe may be Inserted. Check also under
unburned portions of rug or upholstery, or any point
where liquid might logically have soaked in and
remained.

I f a pos It Ive Indlcat Ion la obtained, trace It to th*
point of max Imum read Ing. Th Is is the pot nt where
samples should be taken for further lab analys1*.

Oxygen Deficient Mixtures

Samples which do not have the normal proportion of oxy-
gen may tend to read low, as there is not enough oxygen
to react with all combustible gat present In th* sampl*.
A* a general rule, samples containing 10% oxygen or more
have enough oxygen to give a full reading on any con*
bustibl* gas sampl* up to th* L.E.L.



PARTS LIST
Stock HO.
06-5012
07-6010
07-60U
07-6014
07-6115
07-6216
17-0434
33-1016
30-OOU
30-0340

30-0342
43-4140
45-8051

45-8052

49-1201

49-1501

49-1571

49-2033

49-2133

49-2034

49-2134

49-8051

50-1226

50-1229
52-1005
61-0120
65-0601
65-0601E

71-0115
BO-0150
BO-0204
80-0222

O-Rlng Seal, hoi* (probe end)
O-Rlng Seal, hose ( inetrument end)
O-Rlng Seal, inUt f i t t ing
O-Rlng Seal, combustible* detector
O-Rlng Seel, oxygen cell cavity
Inlet f i t t ing w/tli ter
Filter disk only, inlet f i t t ing
Pump, rotary DC
Pump head, replacement
Pump valves, replacement, set of 2
Fuee, battery, 3AC 1A

Battery Pack, replaceable, disposable

Battery, alkaline size D disposable
(for use In 45-8052)
Battery, Hi-Cad, rechargeable
(for use in 45-8051}

Hi-Cad batteries
Battery Charger, 115 volta, for Hi-Cad
batterlea
Battery Charger, 115 volte, dual-rate
tine-controlled
Battery Charger, 230 volte, Cor Nl-Cad
batteriea
Battery Charger, 230 volta, dual-rate
time-controlled (user to provide AC
plug)
Battery Pack, replaceable, recharge-
able cell, wi th batteriea
Meter, PPM/LEI. Scale (1236)
neter, PPM/LEL/Q2 Scale (1314)
Buzzer
Detector Ass'y, wired for Surveyor
Oxygen cell, new
Oxygen cell, reactivated (exchange)
Instruction Manual, Model 1314/1238
10- Probe
Motature Trap
Fi l te r , hydrophobic

Rev. 9/87

Relative Response of Hew GasTechtor
to Various Gases (Referenced to He*an* or Toluene)

GAS

Acrv Ion itril*
Beniene
Butadiene
Chloroform
Carbon Monox id e
Ethvl Acetate
Ethyl Alcohol
Formaldehyde***
Heptane

Hvdrogen Sulfide
Hethvl Chloroform
Methvl Ethvl Ketone
Methvlene Chloride
Methane
Pentan*
FerchLoroethvlene
n-Proovl Acetate
n-Proovl Alcohol
Stvrene
Toluene
Trlchloroethvlene

LEL

2.5
3.0
1.3
2.0

_

12.5
2.0
3.3
7.0
1.05
1.1
4.0

_

1.4
14.0
5.0
1.5

_

1.7
2.2
1.1
1.2
1.0

,EL Scale

0.87
0.88

_

0.60
0.81
0.60
1.96
1.03
1.00
1.96

_

0.84
2.78
0.42
0.71

_

0.77
0.80
1.24
1.03
0.59

_

0.84
O.BS

_

0.58
0.79
0.58
1.9
1.00
0.97
1.9
.

0.81
2.7
0.41
0.69

_

0.75
0.78
1.2
1.00
0.57

TLV

1
10

1000
so
50

400
1000

3
500
500

20
350
200
500

_

1000
100
200
200
100
200

25

PPM Scale

1.31
1.11
2.0
8.0
4 .4
1.61
2.0
7 .4
0.98
1.00
5.0
3.7
1.3
4. 4
2.4
1.81
4.5
1.36
1.52
1.31
L.19
4 .4

1.1
, _ 0.93

1.7
6.7
3.7
1.35
1.67
6.2
O . B Z
0.84
4 . 2
3.1
1.09
3.7
2.0
1.52
3.8
1.14
1.28
1.1
1.00
3.7

Ples.ee note, that reepoaae
relative response of a soraor
osed for estimation purposes

varies fro» one
caa change, with
o«ly.

sensor to another
eg*, so these data

the
•hould be

Asausiing an instrument calibrated directly for hexane or toluene, but
uaed to obssrvs a different qa«, the equivalent response in ILEL (or ppm)
(or that gas la secured by multiplying the observed ILEL for ppm) reading
by the UEL <or ppm) scale conversion factor.

1984.

' Valuss from Federal Registsr 40,23072. May 28, 1975 and current as of
November 1979, except For trichloroethyLena where a CAL/OSHA Hovember
1980 vslue Is Hated.

Hethanol free.



• RETAINING STRAP
-3602)

BUZZER 8ACKPLATE< 14-0416)

BUZZER(52-1005)

METER(50-1229)

MAIN BOARD(57-80S2>-

FIGUR6 18. PARTS LOCATION-TOP HALF

BOTTOM CASE
(21-0078)

COMBUSTIBLES SENSOR
(81-0120. 07-8116 O-RINO
INCLUDED)

REACTION CHAMBER
(38-0701)

FIGURE 17. PARTS LOCATION-LOWER HALF
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APPENDIX A -

GASTECH CALIBRATION KIT

A convenient calibration kit !• available tor accurate

fixtures. The 81-0222 Calibration Kit is designed ex-
pressly Cor use with the Models 1314 and 1236, and con-
cists of the following*

20-0110 Padded carrying case
81-1124 Calibration f itt ing
31-0006 riowmeter
33-3025 Humidif ier
81-1001 Calibration gas dispensing valve
81-0007 Calibration gas cylinder 401 LEL hexane
81-0091 Calibration gas cylinder 400 PPH toluene
06-1002 Vinyl plastic tubing

To check and adjust calIbratIon on a known gas sample,
assemble the various calibration kit Items In accordance
with GasTech Drawing 2127-A14, but do not attach the
calibration system to the Instrument or gas cylinder un-
til the corresponding steps are completedt

1. Turn Instrument on and allow It to warm up and sta-
bilize, preferably for 5 minutes. Be sure batteries
are charged suf f Ic lent ly to read above the BAIT CK
mark.

2. Add water to humidifier, thoroughly moistening the
glass woolt and shake out any excess liquid.

S. Open Instrument case by loosening captive screw at
front. Lift upper half of case slightly, move 1/4"
to rear to disengage rear clamp) then separate the
two halves. Locate coarse ZERO potentlometer on
underside of circuit board (marked 'ZERO').

4. Turn external PPH/LEL ZERO control to center of Ita
•pan. Then turn coarse ZERO potentiometer to bring
meter to zero reeding.

5. To calibrate In PPH range, press the LEL-PPH switch
to the PPH range. Attach the calibration fitting,
Clowmeter and the humidifier to the Instrument.
Readjust zero as necessary with the external PPM/LEL
ZERO adjustment. Note flow reading on flowmeter.

6. Connect PPM-range cylinder to humidifier Inlet and
slowly open the calibration valve until the same Clow
Is Indicated on the Clowmeter as observed previously.
Natch meter and note highest reading. If it Is not
the same as indicated on the calibration cylinder,
turn PPH SPAN potentiometer to give desired reading.

7. For LEL calibration, follow steps 1 through 5 with
range switch In LEL position, and use LEL-range
cylinder end the LEI. SPAN potentiometer. However,
humidifier la not necessary and may be omitted.

8. 1C x*ro cannot be adjusted* or If reading cannot be
set high enough, replace detector.

9. Disassemble and store the calibration kit.



SERVICE POLICY

howevor , CasTech aatUMcs no l l a b i 1 i t y for service per fot»*d by

nun- w a r r a n t y r e p a i r , you way conl jet the r t i s t r ibu to r f ro* wt. i . ;h

If ''.a 9 Tech is to do the re pa i r wot k for you, you m-iy corn! t he

and a descr ipt ion of the defect as you perceive it. If you w i c b

is to per (or» all needed r epa i r s to restore the ins t r u»f*n t to
Ful 1 operat ing cond it ion, inc lud ing react i v a t ion of all

To exped ite the re pa its operat ion, it is p r e f e r a b l e to col I in
advance to GasTech I n s t r u m e n t service, ( 4 1 ^ ) 7 9 4 - 6 2 0 0 , o b t a i n a

problew and provide a purchase order n u m b e r ,

or a u t h o r i z e COD s h i p m e n t .



GasTech Inc.

we w a r r a n t gas alar* equipment manufac tured and sold by us to be free

defective w i t h i n that period will be repaired or replaced, at our
opt ion, f ree of charge, f.o.b. factory. Thi* warranty does not apply
to those items which by their nature are subject to deterioration or

replaced on a routine basis. Such iten* nay include:

4) Lamp bulbs and fuses

M Punp diaphragm* and valves

c) Absorbent cartridges

4) f i l t e r elements

*} Batteries

f 1 Host catalytic and elect rochet* ical sensors ar* covered by a sep-

W a r r a n t y is voided by abuse Including rough handling, mechanical

l l a b i l i t y , and w* are not responsible for removal or replacement

incu r red without our prior approval.

GasTech Inc. 's obligation under this warranty shall be limited to
repairing or replacing any product which CatTech Inc. Material Review

defective. To receive warranty consideration, all products must be

This war ran ty is expressly in lieu of any and all other warranties and
representations, expressed or Implied, and all other obligation* or
l i a b i l i t i e s on the part of GesTech Ine. Including but not limited to,
the warranty of Miners for a particular purpose. In no event shall

Manage of any kind connected with the use of its product* or failure
of its product to function or operate properly.

This warranty oo»»r« Instrument* and part* *old (to user*)
only by authorised distributors, dealer* *nd representatives
a* appointed by GasTech.

Rev. 12/8C





APPENDIX G-10

CALIBRATION AND MAINTENANCE OF THE RADIATION ALERT MONITOR



OPERATION MANUAL FOR THE RADIATION ALERT MONITOR 4

INSTRUCTIONS

To operate the Monitor 4, first install a fresh 9 volt alkaline
battery (NEDA I1604A or equivalent). The battery compartment is
located at the bottom of the back of the instrument and is
accessible by pushing down on the finger grip provided. Snap in
the battery and slide the cover back into position. The battery
life is up to 2,000 hours at normal background radiation levels.
NOTE: Always turn the Monitor 4 off before installing the
battery.

The Monitor 4 senses ionizing radiation by means of a GM (Geiger-
Mueller) tube with a thin mica end window. The tube is fully
enclosed inside the instrument. When a ray or particle of
ionizing radiation strikes the tube, it is sensed electronically
and displayed by a flashing count light on the instrument face.
About 5 to 25 of these counts, at random intervals, can be
expected every minute from naturally occurring background
radiation, depending on your location and altitude. When the
switch is in the AUDIO position, the instrument will also beep
each time a ray or particle of ionizing radiation strikes the
tube.

Be sure the range switch is in the appropriate position when
using the instrument. When the range switch is in the xl (times
one) position, the meter reads from 0 to .5 mR/hr or 0 to 500 CPM
(counts per minute) as indicated on the meter scale. In the xlO
position the reading is multiplied by 10, indicating levels up to
5 mR/hr or 5000 CPM. In the xlOO position the reading is
multiplied by 100, indicating up to 50 mR/hr or 50,000 CPM
(approximately 2,500 times background levels).

This model of the Monitor 4 has an anti-saturation circuit good
to at least 5R/hr.

COUNT LIGHT

RANC.F SWITCH - --



PRECAUTIONS:

NOTE: Before using this instrument the user must determine the
suitability of the product for his or her intended use. The user
assumes all risk and l i a b i l i t y connected with such use.

1. Handle your Monitor 4 carefully, as you would a camera.

2. Avoid exposing the Monitor 4 to liquids, moisture, and
corrosive gases; also avoid extreme temperatures or direct
sunlight (i.e.car dashboards) for extended periods.

3. We recommend that you remove the battery to prevent leakage if
you don't intend to use the Monitor 4 for a month or more.

4. The mica end window of the Geiger tube can be easily damaged
if struck directly. Therefore, do not insert any pointed object
through the alpha screen.

5. To avoid contaminating the Monitor 4, do not touch the
instrument to the surface being tested.

6. This instrument may be sensitive to radio frequency fields,
microwave fields, electrostatic fields, and magnetic fields, and
may not operate properly in such fields.

7. Since the Monitor 4 has semiconductors in its circuitry, it
is susceptible to BMP (electromagnetic pulse) and may be rendered
inoperable by an atomic detonation. The government has
classified information on the effects of EMP, therefore we have
not been able to ascertain what distance from an atomic blast
would be considered safe for semiconductor circuitry.

SERVICE AND CALIBRATION:

The Monitor 4 has proven to be a very reliable instrument. Should
it ever need servicing outside of our warranty, please contact us
for a return authorization number at:

S.E. International, Inc.
P.O. Box 39
156 Drakes Lane
Summertown, TN 38483 USA

Tel. (615) 964-3561
Telex (ITT) 4997468 SOLAR

NOTE: Please do not send us contaminated instruments for repair
under any circumstances.

For ANSI standard calibration, contact a. certified lab.



LIMITED WARRANTY:

WARRANTOR: S.E. International, Inc., P.O. Box 39, 156 Drakes
Lane, Summertown, TN 38483, (615) 964-3561.

ELEMENTS OF WARRANTY: S.E. International, Inc. warrants for 90
days the Geiger Mueller tube and for one year all other materials
and craftsmanship in this product to be free from defects with
only the limitations or exclusions set out below.

WARRANTY DURATION: This warranty shall terminate and be of no
further effect one year (90 days on the GM tube) after the
original date of purchase of the product or at the time the
product is: a) damaged or not maintained as is reasonable or
necessary, b) modified, c) repaired by someone other than the
warrantor for a defect or malfunction covered by this Warranty,
or d) used in a manner or purpose for which the instrument was
not intended or contrary to S.E.International, Inc.'s written
instructions. This warranty does not apply to any product
subjected to corrosive elements, misuse, abuse, or neglect.

STATEMENT OF REMEDY: In the event that the product does not
conform to this warranty at any time while this warranty is
effective, the Warrantor will repair the defect and return the
instrument to you prepaid, without charge for parts or labor.

NOTE: While the product will be remedied under this warranty
without charge, this warranty does not cover or provide for the
reimbursement or payment of incidental or consequential damages
arising from the use of or the inability to use this product. The
liability of the company arising out of the supplying of this
instrument, or its use, whether on warranties or otherwise, shall
not in any case exceed the cost of correcting defects in the
instrument, and after the said one year period (90 days on the GM
tube) , all such liabilty shall terminate. Any implied warranty
is limited to the duration of this written warranty.

PROCEDURE FOR OBTAINING PERFORMANCE OF WARRANTY: In the event
that the product does not conform to this warranty, please write
or call us at the address above. S.E. International, Inc. will
not accept contaminated instruments for calibration or repair
under warranty or otherwise.

NOTE: Before using this instrument, the user must determine the
suitablility of the product for his or her intended use. The
user assumes all risk and liability connected with such use.



SPECIFICATIONS

CALIBRATION: Factory calibration is by pulse generator and is
typically plus or minus 10% of full scale relative to Cesium 137.
The Monitor 4 is easily calibrated to ANSI standards by a
certified lab.

CALIBRATION PROCEDURE: Position the Monitor 4 upright with the
back of the instrument facing the source. Adjust the height of
the Monitor 4 so that the center of the tube (lengthwise) will be
centered with the beam. Measure the appropriate distance from
the source to the center of the tube's diameter.

If you need to adjust the calibration, simply remove the two
screws from the top of the case and the two screws inside the
battery compartment and ease off the back of the case. The
trimpot is located above the ON/OFF/AUDIO switch.

SENSOR: LND 712 halogen-quenched uncompensated GM tube with mica
end window 1.5-2.0 mg/cm2 thick. This tube has 1000 counts
per minute per mR/hr for Cesium 137.

ENERGY SENSITIVITY: Detects alpha down to 2.5 MeV; typical
detection efficiency at 3.6 MeV is greater than 80%.
Detects beta at 50 KeV with typical 35% detection efficiency.
Detects beta at 150 KeV with typical 75% detection efficiency.
Detects gamma and x-rays down to 10 KeV typical through the end
window, 40 KeV minimum through the case.

SATURATION: This instrument has an anti-saturation circuit good
to at least 100 times the maximum reading in the highest range.

AUDIO: Built-in piezo electric transducer gives audible
indication of each count when switch is in the audio position.
Frequency is approximately 3 kHz.

CURRENT DRAIN: Idling current is typically 190 uA.

OPERATING VOLTAGE RANGE: 7-11 volts DC.

VOLTAGE REGULATION: High voltage fully regulated. Less than a
3.0 volt change in output for a 9 volt to 6 volt change in supply
voltage.

POWER REQUIREMENT: One 9 volt alkaline battery, NEDA »1604A, or
equivalent.

BATTERY LIFE: Up to 2,000 hours at background radiation levels.

TEMPERATURE RANGE: -20°C to +50°C.

WEIGHT: 178 grams (6.3 oz.) without battery.

SIZE: 145mm x 72mm x 38mm (5.7" x 2.8" x 1.5").



ADDITIONAL INFORMATION FOR THE NEWCOMER TO HEALTH PHYSICS

Since our instruments are sometimes purchased by individuals with
no background in Health Physics, we thought it would be helpful
if we included this addition to our operational manual. Please
be sure to read the entire operation manual thoroughly.

MEASURING RADIATION:

The Monitor 4 detects the four main types of ionizing radiation:
alpha, beta, gamma, and x-ray. It is calibrated for Cesium 137,
but also serves as an excellent indicator of relative intensities
for many other sources of ionizing radiation. The level of
radiation for gamma and x-rays is measured in milliRoentgens per
hour (mR/hr). Alpha and beta radiation are measured in counts
per minute (CPM) .

The position of the Geiger tube is shown in Illustration 2. The
end of the tube has a thin mica end window built into it. This
mica window can be broken if struck directly, and it is protected
by the screen on the end of the instrument. This alpha window
(see Illustration 1) allows alpha particles to reach the mica end
window and be detected. The mica end window will also sense low
energy beta, gamma, and x-rays that cannot penetrate the plastic
case or the side of the tube, which is stainless steel. (Note:
Some very low energy radiation cannot be detected through the
mica end window. See SPECIFICATIONS for the Geiger tube
sensitivities.)

Always approach a source of radiation carefully. Never touch the
Monitor 4 to any suspected radioactive substance in order to
avoid contaminating the unit itself. Try to make sure you are not
walking through or inhaling any radioactive material. Keep in
mind that low energy radiation is hard to detect (see BRIEF
OVERVIEW OF RADIATION DETECTION below). We recommend that any
contact with radioactive materials be avoided whenever possible.

Unless you expect to be measuring high levels of radiation,
always keep the range switch in the xl position. If you are
making a measurement and the meter goes off scale to the right,
move the range switch to the next higher setting, xlO or xlOO if
necessary. (Note: The flashes from the count light and the
audible beeps are progressively shorter in the xlO and xlOO
positions.)

Should you detect radioactivity with your Monitor 4, exercise
extreme caution to avoid unnecessary exposure and notify the
proper authorities. Depending on where you are, this can be your
state emergency management agency, the radiation control division
of your state health department, or the NRC regional office. If
you think you have an emergency on your hands after regular
office hours, you can contact your state or local police
department for assistance.



If you stand a risk of contamination, try to protect yourself.
Although some beta and most gamma radiation can go through
protective gear, you can attempt to avoid skin contamination if
the radioactivity is airborne. Wear a respirator and some type of
overshoes. A full body protective suit may be necessary. You may
have to improvise with whatever is on hand. When you leave the
radioactive area, remove your protective outerwear and dispose
of properly. If you think you have been contaminated, as an
additional precaution shower and consult a physician.

We only mention the above procedure in the event you are
faced with some type of unavoidable situation. We recommend
that contact with radioactive materials and other sources of
radiation be avoided whenever possible.

MAKING MEASUREMENTS WITH THE MONITOR 4j

To measure gamma and x-rays, hold the back of the Monitor 4
toward the source of radiation. Low energy gamma and x-rays
(10 - 40 KeV) cannot penetrate the side of the Geiger tube, but
may be detected through the alpha window.

To detect alpha radiation, position the Monitor 4 so the
suspected source of radiation is next to the alpha window. Alpha
radiation will not travel far through air so put the source as
close as possible (within 1/4 of an inch) to the alpha screen
without touching it. Even a very humid day can limit the already
short distance an alpha particle can travel. Most alpha radiation
can be shielded with a sheet of paper. However, alpha emitters
are especially dangerous when inhaled because they may become
lodged in the lungs for months or years.

To detect beta radiation, point the alpha window toward the
source of radiation. Beta radiation has a longer range through
air than alpha particles but can usually be shielded by a few
millimeters of aluminum. High energy betas may be monitored
through the back of the case.

To determine whether radiation is alpha, beta, or gamma, hold the
back of the Monitor 4 toward the specimen (see Illustration 2 for
location of the Geiger tube). If there is an indication of
radioactivity, it is most likely gamma or high energy beta. Place
a piece of aluminum about 1/8" thick between the case and the
specimen. If the indication stops, the radiation is most likely
beta. (Keep in mind that to some degree most common isotopes
contain both beta and gamma.)

If there is no indication through the back of the case to begin
with, position the alpha window close to but not touching the
specimen. If there is an indication, it is probably alpha or
beta. If a sheet of paper will stop the indication it is most
likely alpha. (Note: Do not hold the specimen above the alpha
window in order to avoid particles falling into the instrument.)



BRIEF OVERVIEW Ojf RADIATION DETECTION

The Monitor 4 is calibrated for Cesium 137 and is very accurate
for it and other isotopes of similar energies. Some of the
isotopes that the Monitor 4 will detect relatively well are
Cobalt 60, Technetium 99M, Phosphorous 32, Strontium 90, and many
forms of Radium, Plutonium, Uranium, and Thorium.

Some forms of radiation are difficult or impossible for our
Geiger tube to detect. Some examples of this would be Tritium,
radon gas. X-rays from CRT's and TV's, and radioactivity in
environmental samples, such as milk, fruit, vegetables, etc. The
Monitor 4 does not detect neutron, microwave, RF (radio
frequency), lasar, infra-red, or ultra-violet radiation.

On the other hand, the radiation from some isotopes can
overexcite a Geiger tube and cause the meter to indicate a higher
level of radiation than is actually there. Americium 241 is an
example of this phenomenon. Americium 241 is used in some smoke
detectors and many different types of industrial density and flow
meters.

Although you might have the best intentions, it is possible to
draw misleading conclusions from your readings unless you know
exactly what you are measuring, which is seldom the case. We
tried to design the Monitor 4 to be able to detect the broadest
range of ionizing radiation possible and still be in the price
range of the average person. It would take a large closet full of
very expensive equipment to accurately measure the whole spectrum
of ionizing radiation.

Although the Monitor 4 comes with an operation manual geared to
people who have no prior knowledge of radiaton and/or radiaton
detection instruments, it does not provide an in-depth
understanding of the science of health physics. We encourage you
to seek out other sources of information.

There are many books written about radiation, both pro and con.
Everyone agrees that radioactive materials can be dangerous.
Considering the controversy that surrounds the issue of radiation
safety, we suggest that everyone educate themselves as much as
possible.



SOME POSSIBLE HOUSEHOLD SOURCES OF RADIATION

SMOKE DETECTORS: Some smoke detectors contain a radioactive
isotope as part of the smoke sensing mechanism.

CAMPING LANTERN MANTLES: Some lantern mantles are made with
radioactive Thorium. If you must use them, it is suggested that
you do not use them in an enclosed area with poor ventilation. Be
especially careful not to inhale or ingest the fine powder that
is left when they are burned out. Dispose of the ashes in a
sealed container so the dust won't be inhaled by someone else.

CLOCKS, WATCHES, AND TIMERS: Many old timepieces have dials and
hands highlighted with radium to make them glow in the dark.
Tritium is now commonly used to obtain the same effect. Tritium
is also radioactive but emits low energy radiaton which cannot
penetrate the lens of the timepiece. Tritium can only be detected
by very sensitive and expensive equipment.

STATIC ELIMINATORS: Static eliminators for reducing static on
film and records commonly use polonium, a strong alpha emitter.

JEWELRY: Some gemstones are irradiated to produce more desirable
colors. This process can result in residual radioactivity. These
gemstones are supposed to be held for a "cooling off" period.
However, there have been cases where radioactive gemstones have
entered the market.

There have been confirmed reports of some imported cloisonne
being glazed with uranium oxide exceeding U.S. limits.

Gold that had been used to encapsulate radium and radon for
medical purposes was improperly reprocessed and entered the
market as rings and other types of gold jewelry.

ROCK COLLECTIONS: Many natural formations contain radioactive
materials. Hobbyists who collect such things should vent the
rooms in which these items are stored and be careful to avoid
inhaling the fine dust particles which can flake off of these
samples.

POTTERY: Certain types of pottery were glazed with uranium oxide.
To the best of our knowledge, this practice has been
discontinued, although some of these pieces are still in
circulation.



GLOSSARY:

ALPHA PARTICLES: Positively charged particles emitted from the
nucleus of an atom. Alpha particles are relatively large, and
very heavy. Due to its strong charge (+) and large mass, an alpha
particle cannot penetrate far into any material. A sheet of paper
or an inch of air is usually sufficient to stop most alpha
particles. However, the alpha particle's charge produces a high
level of ionization along its path, and that can be very damaging
to living tissue. It can be very dangerous to ingest or inhale
sources of alpha radiation.

BACKGROUND RADIATION: Naturally occuring radiation that is always
present. Sources of background radiation include high energy
gamma rays from the sun and outer space, alpha, beta, and gamma
radiation emitted from radioactive elements in the earth.

BETA PARTICLES: Negatively charged particles emitted from an
atom. Beta particles have a mass and charge equal to that of an
electron. They are very light particles (about 2,000 times less
mass than a proton) and have a charge of -1. Because of their
light mass and single charge, beta particles can penetrate more
deeply into matter than alpha particles can. A few millimeters of
aluminum will stop most beta particles.

CPM (counts per minute): The unit of measurement usually used to
measure alpha and beta radiation.

GAMMA RAYS: Short wavelength electromagnetic radiation higher in
frequency and energy than visible and ultraviolet light. Gamma
rays are emitted from the nucleus of an atom. These high energy
photons are much more penetrating than alpha and beta particles.

ION: An atomic particle, atom, or molecule that has acquired an
electrical charge, either positive or negative, by gaining or
losing electrons.

IONIZATION: The process by which neutral atoms or molecules are
divided into pairs of oppositely charged particles known as ions.

IONIZING RADIATION: Radiation capable of producing ionization by
breaking up atoms or molecules into charged particles called
ions.

RADIATION: The emission and propagation of energy through space
or through matter in the form of particles or waves.

RADIOACTIVE: A term commonly used to refer to a source of
ionizing radiation.



ROENTGEN (rent-gen): The basic unit of measurement of the
ionization produced in the air by gamma or x-rays. One Roentgen
(abbreviated R) is the exposure to gamma or x-rays that will
produce one electrostatic unit of charge in one cubic centimeter
of dry air. One thousand milliRoentgens (l,OOOm/R) = 1R. This
unit is not defined for alpha and beta radiation.

RADIOISOTOPE: A naturally occurring or artificially produced
radioactive form of an element.

X-RAYS: Electromagnetic radiation (photons) of higher frequency
and energy than visible and ultraviolet light, usually produced
by bombarding a metallic target with high speed electrons in a
vacuum. X-rays refer to photons emitted by interactions involving
orbital electrons rather than atomic nuclei. X-rays and gamma
rays have the same basic characteristics. The only difference
between them is their source of origin.
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APPENDIX H

INTERNAL CHAIN-OF-CUSTODY PROCEDURES FOR
COHPUCHEH, ENSECO, WARZYN AND RHT



COHPUCHEH CHAIN OF CUSTODY PROCEDURES



"90 89-45 O919 248 6786 CompuChem Corp. 12 002/002

Memo To: Mike MoFadden
From: Bob Whitehead, Janet Garrett
Data: April 16, 1990
Subject: Warzyn Woodstock Project

In response to Mr. Hurtenbach'a comments concerning our SOP for
"Internal Chain-of-custody Procedures", the following changes will be
made to the SOP for this project. The SOP will indicate that "...the
temperature of the inside of the cample cooler is taken and
recorded..." and that "...the pH reading of a sample aliquot is taken
with a disposable pH stick to determine whether the sample has been
properly preserved. An analytical pH determination, if required, is
performed by a qualified laboratory chemist on an aliquot of the sample
using a calibrated pH meter...".
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Production Planning & Control SOP 1.1; Logging In Samples

The following steps are completed for all samples as they are received by

CompuChem Laboratories. (If for any reason a sample requires special handling

upon receipt, the Manager of Production Planning and Control is consulted for

directions as to the proper handling and documentation of the samples.)

* Before opening and while inspecting each sample, each employee is
required to wear protective clothing (lab coat, safety glasses and
gloves). These items need to be worn at all times when in the marked
areas (colored line).

* Inspect each sample container before opening, making sure that it has
not been damaged or opened during shipment. For those clients using
padlocks, sealing tape, or custody seals, inspect these items to make
sure that they are intact and record this observation on the chain-of-
custody form (see Example 1, at the end of this SOP). If the custody
seals, tapes, or padlocks are broken, contact Customer Service (for
commercial samples) or the Sample Management Office (for EPA samples)
for permission to continue processing the sample.

* Each container is opened under the hood and checked for breakage.
Check for the condition of the refrigerant (whether any ice remains or
whether the cooling packs are solid) and obtain the temperature of a
representative sample (liquid samples only) by immersing a clean ther-
mometer in the sample. Record the temperature on the Sample Record
(see Example 2, at the end of this SOP).

* The temperature and pH are recorded on the Log-In-Sheet. See Ex. 3A and
38 lab notices if a variance occurs.

* Receiving personnel must sign and date all chain-of-custody documen-
tation upon sample receipt and record any discrepancies (sample matrix,
for instance) on the chain-of-custody form.

* The Supervisor of Sample Receiving must verify that the Receiving Clerk
has signed and dated the chain-of-custody form.

* When a CompuChem SampleSaver* is received, the SampleSaver number is
recorded on the Log-In-Sheet and is entered into the LMS system by
number.
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Remove samples from the shipping container and compare the sample iden-
tification information on the sample bottles to the sample information on
the traffic sheets, packing lists, and Chain-of-Custody Form included in
the container (see Examples 5A and 58, at the end of this SOP). If
discrepancies exist, note the problem on the chain-of-custody form; the
Receiving Clerk notifies Customer Service (for commercial samples) and the
Supervisor notifies SMO (for EPA samples).

* Each water VOA is checked for air bubbles and headspace, and noted on the
Chain-of-Custody Form as well as the Log-In-Sheet.

* On each complete and correct EPA Chain-of-Custody and Traffic Report
the statement 'Received in Good Condition1 is written or stamped, ini-
tialed and dated by the receiving individual.

* On each complete and correct Commercial Chain-of-Custody the statement
'Received in Good Condition' is written or stamped, initialed and dated
by the receiving individual.

'Received in Good Condition' is intended to indicate that the sample or
samples were received intact with all associated sample tags (if
applicable), custody seals (if applicable), pH for inorganics, and
corresponding documentation in order. If there are any discrepancies
in the documentation or other problems (such as breakage of the con-
tainers or chain-of-custody seals), the exceptions are noted on the
appropriate documents, initialed and dated.

.* The statement 'Received in Good Condition' does not, however, include
sample temperature since EPA samples are generally received at tem-
peratures above the recommended 4°C. The temperature is noted on
the sample Log-In Sheets and the gray envelope.

* Check incoming samples against SMO scheduled receipts (for EPA
samples).

* Log the sample in on the Log-In-Sheet Log, noting the following items:

Case number Temperature

CompuChem sample ID Client name or order number

Receiving date (RD) Sampling date (SO)

Analysis codes Matrix

Volume received pH (Inorganics Samples Only, see PP&C SOP 3.1)
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For ERA samples, enter the samples' account data into the marketing sec-
tion of the CLMS in order to generate the order number and associated
requisition numbers. For commercial samples, contact customer service
to check for the existence of the order and to receive requisitions for
analyses. Then complete the order in the CLMS, and complete the ERA
Scheduling Log (Example 6, at the end of this SOP).

Enter sample into sample receipt portion of CLMS in order to generate a
CompuChem number for each sample. Fill in the CompuChem number on the
accessioning log sheet (this completes the log sheet).

The CompuChem number is a unique, six digit identity which is generated
by the LMS system in numerical sequence. It can be cross-referenced to
the Client ID.

A CompuChem label is generated in numerical sequence, with the CompuChem
number.

Label samples with the CompuChem number by wrapping each sample bottle
with its computer - generated CompuChem sample label. Sample labels
are color coded, and are to be rotated with a different color every 2
week period by the Supervisor of Receiving or the Supervisor
designee.

Each Log-In-Sheet is reviewed by the Supervisor of Environmental
Receiving to ensure information is documented. After review each log
sheet is stamped as reviewed and initialed and dated.

Transfer the labelled samples to the secured, locked walk-in cooler
facility.

The CompuChem number is listed on the original Chain-of-Custody Form
next to the associated client ID when possible.

Access the Quiz portion of the CLMS to produce the worksheets for EPA
sample analyses. For EPA samples the system will generate volatile,
semi-volatile, and pesticide worksheets. For commercial and inorganic
samples, pull the appropriate worksheets from the worksheet files; the
analysis codes for these samples should have been included with the
packing information and confirmed with customer service. All laboratory
worksheets are distributed to the appropriate Production Planning and
Control Planner.
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To produce ERA quality control worksheets for the QC samples associated
with a batch of samples, access the ERA Water or ERA Solid programs of
Quiz in the CLMS and enter the samples' CompuChem Numbers; copy these
worksheets on green paper. To assemble commercial QC worksheets, pull
the appropriate green fraction worksheets from the trays in the
Shipping and Receiving area. Separate QC Sample Records are used to
document the analysis of the QC samples associated with a particular
batch. These are printed after the entry of sample numbers into the
system and are put into green QC folders for Report Integration.
Included in the commercial folder are the Sample Record (generated by
the CLMS), a copy of the order form, and, if necessary a copy of the
Chain-of-Custody Record.

Assemble commercial file folders for Report Integration; include
in the production sample's folder the Sample Record, Customer Sample
Information Sheet and Chain-of-Custody Record; in the green Quality-
Control folder include the QC Sample Record, which also goes to Report
Integration.

Assemble ERA file folders for Report Integration; ERA only has the
Sample Record in the file folder. A gray envelope contains all
materials for the case including: yellow copy of the OTR (Organic
Traffic Report), Chain-Of-Custody, original air-bill, a copy of the
Log-In-Sheet, a copy of the ERA scheduling Log, Custody Tags (if
received) and a grey envelope contents sheet (See 6b). The white copy
of the OTR is returned with a cover sheet to the EPA/SHO (Sample
Management Office) (See Attachments 6c and 6d).

If problems arise concerning received samples, contact Customer Service
(for commercial samples) or the Technical Management Staff (for ERA
samples see below):

Samples are sometimes received from the ERA that should not have been
sent. Therefore, they require a transfer. The following steps should
be taken:

1) F i l l out a new Chain-of-Custody Form using the information on
the sample tags.

2) Sign the Chain-of-Custody in the first section labeled
"Relinquished By".
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3) Copy of Chain-of-Custody is kept for our records; the original
is sent with samples. A copy of the paperwork received with
the samples should also be sent.

4) Notations made on Traffic Reports stating samples are being
sent to another laboratory.

* Samples hand-delivered after business hours should be recorded as
follows:

1) Actual date of sample receipt shall be recorded on the
Chain-of-Custody.

2) The date and time of sample receipt are recorded on the TRs as
follows:

Organic Traffic Report

a. Date and time of receipt in Column F, sample condition
upon receipt.

Inorganic Traffic Report

a. Same as above.

The notation "H.D." (Hand-Delivered) should be recorded next to the
actual sample receipt time and date. The following calendar day shall
be recorded in the block designated for Receipt Date on the
Organic/Inorganic Traffic Report.
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QUALITY ASSURANCE NOTICE

CompuCheml_________________
Sample ID________________
Case*_____________________
Type o( Analysis____________________
Receipt Date___________________

The pH reading for the sample above was _ _ _ _, the required pH level is _ _ _ _.

The Client was contacted by a member of CompuChem's Environmental Marketing

Department. The Environmental Receiving Department was instructed to:

Preserve In-House
Analyze - Qualify with Notice
Dispose - Client will Resample
Subcontract Lab to Preserve

Supervisor Signature
Date

QANR2
900130



QUALFTY ASSURANCE NOTICE
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CompuChemfl
Sample ID
Case*
Type ol Analysis
Receipt Dale

The required temperature for Environmental samples requiring Organic/Inorganic

Analysis is 4C (+/-2C). The temperature on the sample above was____ .

The Client was contacted by a member of CompuChem's Environmental Marketing

Department. The Environmental Receiving Department was instructed to:

Analyze - Qualify with Notice
Dispose - Client will Resample

Supervisor Signature
Date

QANR3
900130
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Example 2

SampJ_e_Rec£rd

Requisition Number: CompuChem Number:
Case: Account Number:
Turnaround: Priority: Due:
Analysis Codes:

Lab Instructions

Recej_ving_ Data_

Sample Identification: SS Code:
SS Number: Receiving Codes:
Date Received: Time:
Receiving Information:
Containers Received:
Matrix: Temp: Sampling Date(s):

Deliverables Code:

La.b_ Requirement s

Laboratory Repeat
Completion Date
Date

Company Name:



Example 2 (Cont.)

Requisition Number:
Case:

Sample Record
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CompuChem Number:
Account Number:

FOOTNOTES:

Applicable QA Notices:

Company Name:
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Example 3A

COMPUCHEM LABORATORIES

date shipped date received
to consignee:__________ from consignee:

number of sample: __________________

consignee name: __________________

address:

DO NOT REMOVE: FOR COMPUCHEM USE ONLY
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Example 3B

PLEASE NOTE THAT ANY AND ALL PRESERVATIVE(S) ARE TO
BE ADDED BY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION

At the end of the sampling period, it is vital to ship the sample via express
transportation. To insure proper follow-up and prompt analysis, please call
1/800-334-8525 and provide us with the following information:

1. Date Shipped
2. Time Shipped
3. Freight Carrier
4. Freight Bill of Lading Number

Sampling Period

From:

Date ________________________

Time ________________________

To:

Date ______________________

Time

Company

Address

City & State _______________________ Zip Code

Sample Name/Number ___________________________

Return this form in the envelope provided and return with the SAMPLESAVER.

Thank you.

PLEASE NOTE THAT ANY AND ALL PRESERVATIVE(S) ARE TO
BE ADDED BY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION.
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COMPUCHEM LABORATORIES

EPA SCHEDULING LOG

WEEK ENDING SATURDAY:

CASE#: () NEW CASE () OLD CASE () COMPLETED CASE

REGION: TURNAROUND TIME:

ACCOUNT ff:

********************************************************************

QUANTTY RECEIVED

CONTRACT 8: CONTRACTS

# OF SAMPLES

WATERS
SEDIMENTS/SOILS

OTHER

CONCENTRATION: ()LOW () MEDIUM ()fflGH

ORDER*:
AIRBILL*:

********************************************************************

PROBLEMS/COMMENTS:

SMO CONTACTED AT (TIME) SPOKE TO:

RESOLUTION FROM SMO:
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COMPUCHEM

CONTENTS OF FOLDER

DATE:__________'

EPA: () ORGANIC ()INORG

CASE?:_____

NO. OF TRAFFIC RPTS:

COMMERCIAL: ( )

CLIENT:

ORDER*:

ITEM Y N NA COMMENTS

CHAIN-OF-CUSTODY
AIRBILL
DAILY LOG SHEET
TRAFFIC REPORT
TAGS
SMO COVER LETTER
SCHEDULING LOG ( ) ' ( )
PROBLEMS/COMMENTS:

SAMPLE RECEIVING:_____
DOCUMENTATION CONTROL:
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Naae:
l*b Codes Case Ho.f

Contract Vo.t «i-Cl-_
_ CXS We.i _

Tull Caaple AnalyiiiB Price in Contract! t_

SDG Ho./rir>t Sanple in SCCz
(Lowett EPA Saapl* Kxixber

in first shipaent of
•asples received under COG)
Last Caaple in SDG:

(Highest EPA Saaple Kusber
.in last chipeent of

•aspic* received under SDG)

Saaple Seceipt Date:

Saaple Receipt Date:
(KH/DD/XY)

ZPA Saeple Nuriers in the SDG (listed in alphanuaeric order):

11

U

u
U

n
w

17

u
w
K

Vote: There are a aaxinua of 20 field sanples in an SDG.

Attach Traffic Reports to this fora in alphanuaeric order
(i.e., the order listed on this fora).

Saaple Custodian Date
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7. SAMPLE CUSTODY

Upon receipt by Enseco, samples proceed through an orderly processing
sequence specifically designed to ensure continuous integrity of both the
sample and its documentation.

All samples are received by Enseco's Sample Control Group and are
carefully checked for label identification, and completed, accurate
chain-of-custody records. Photographs document the condition of samples
and each sample is then assigned a unique laboratory identification
number through a computerized Laboratory Information Management System
(LIMS) that stores all identifications and essential information. The
LIMS system tracks the sample from storage through the laboratory system
until the analytical process is completed and the sample is returned to
the custody of the Sample Control Group for disposal. This process is
summarized in Figure 7-1. Access to all Enseco laboratories is
restricted to prevent any unauthorized contact with samples, extracts, or
documentation.

An example of the Enseco Cha1n-Of-Custody Record used to transmit samples
from the client to the laboratory 1s given 1n Figure 7-2. The Chain-Of-
Custody Record (Interlaboratory Analysis Form) used to transmit samples
between laboratories within Enseco 1s given in Figure 7-3.

Sample bottles provided to the client by Enseco are transmitted under
custody using the Enseco "Sample Safe™".
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Figure 7-1

ENSECO SAMPLE PROCESSING FLOW CHART

Laboratories

Sample Control

Check and document physical condition
of sample
Verify documentation and parameter
assignment
Log Into LIMS
Send acknowledgement letter to client

Store sample according to preservation
guidelines
Transfer sample to lab with proper
documentation

* Document analytical work
* Return unused samples to Sample Control

* Return sample to client or arrange for
sample disposal
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Altn:

Enseco Client

Pfojecl.___

CHAIN OF CUSTODY No. 5068
SAMPLE SAFE" CONDITIONS

ed by:.

2. Seal Inlacl Upon Receipt by Sampling Co.:

3. Condllion ol Contents: ——————————_

4. Sealed lor Shipping by: ———————————

5. In i t ia l Contents Temp.: ———————————

Sampli

Sampli

Team L

Dale Time Sample ID/Description

. 6. Sampling Sla

7. Seal Intact Uf

8. Contents Terr

9. Condition ol
.*

Sample Typji.̂ ^

^————— <

CUSTODY TRANSFERS PRIOR TO SHIPPING
Relinquished by. (signed) Received by (sicjned) Oiile Time

i

7

3

Deli

Mol

Roc

Ens

\ No, Containers

p>. .
< )̂

u5' f>onn Cnnlinitmo Ifnl'1

on Receipt by Laboratory: Yes No

Analysis Parameters

s\
V^

Remark*

SHIPPING DETAILS
'ftr""1 'o Sh'ppnf by; . ,

CIO l*IO|l!C1 Nil. _ _



FIGURE 7-3

Enseco

INTERLABORATORY ANALYSIS

SHIP TO: (circle one)

CAL ERCO CLE GAS MAR HOU

Attention:

SEND RESULTS TO:
Rocky Mountain Analytical Laboratorj
4955 Yarrow Street
Arvada, CO 80002
(303)421-«611 FAC: (303)431-7171

Attention:

CLIENT NAME PROJECTNO.

Relinquished by: (5/gnarure) Received by: (Signature) Date

Relinquished by: (Sigr^ijurc) Received by: (SigrMiurt) Date Time

Import
UbID Enseco ID Client ID

Mimx Dl" DaK

(i. l. *) Simplcd Rcc'iJ Aulh.

Aollym
Requested/

'•'-I lea 8

Simple
Condiucn

Upon
Rcc^bc

a. Written results required by (dais): Verbal results required by (date):
b. QC: Q Standard Enseco Q CLP Protocol Q Project-Specific —————
c. Sample Disposal: D Enseco D Return to Client Q Phone RMAL
d. Raw Data Copies Needed: Q Yes -Q No
e. Detection Limits: D Standard Product D Other*
f. Holding Times: D Enseco O EPA-CLP D
«. 'Special Instructions:^_————————————————————:

'h. Iniercompany Rebate: (circle one) 0% 5% 10% i. P.O. Number .
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STANDARD OPERATING PROCEDURE

PROCEDURE TITLE: Receiving, Log-in, Storage, Analysis and Disposal of Samples

DEPARTMENT: All Departments

PROCEDURE:

Scope

The following steps are taken by the Laboratory Personnel when samples
arrive in the laboratory for analysis:

Case seals and sample seals are examined for integrity.

• Samples are examined for proper labels, damage, proper preservatives
and temperature, and referenced to the chain-of-custody.

• The chain-of-custody form (Figure 1.07-1) is signed.

• Samples are stored under the proper environmental conditions, and
their location and condition are noted in the appropriate log.

• Samples are entered into the Laboratory LIKS System.

• A Sample Acknowledgment Form is filled out and sent to the project
manager.

• Supervisors are notified of the arrival of the samples.

• Internal chain of custody form is completed and samples are stored in
a secure area.

• Work lists and work schedules are prepared for sample analysis.

• Both the preparation and analysis of samples will be documented.

• Samples are returned or disposed of after analysis is completed.

Receipt

The company mail clerk, or when unavailable, the sample custodian
or his/her designated backup will sign for the receipt of samples
from the commercial carrier.



RMT SOP
SECTION NO. 1.07
REVISION NO. 1
DATE: APRIL 1990
PAGE 2 OF 7

Log-in

Samples should be logged in as soon as possible after receipt. If
samples arrive during non-business hours, they must be logged in
immediately the next business day. The date of receipt should be
the date that the form was completed, and the actual receipt date
should be noted in the "comments" section on the custody form.

Before opening each cooler, check for the presence/absence of
custody seals or custody tape on each cooler, and record this
information in the "Seal #_____recvd. intact by" box on the RMT
Chain-of-Custody form.

Open each cooler and remove the enclosed documents. Note the
presence/absence of the Chain-of-Custody, RMT workorder forms, and
air bills or bills of lading. These will be noted on the Chain-
of-Custody in the "Comments" section or a separate piece of paper
if the Chain-of-Custody is absent.

Sign the RMT Chain-of-Custody form in the last box "received by;"
note date/time of receipt. Write the air bill tracking number and
shipper name on the previous "relinquished by" box providing the
air bill is in agreement with the one documented by the shipper.
Any discrepancies must be noted. Attach the air bill to the
Chain-of-Custody.

Remove all sample containers from the cooler and place them on the
log-in counter. Items to check and note condition or
presence/absence on the custody form are:

• The condition (intact or broken) of all samples and their
respective custody seals, if present.

• The representative temperature of each cooler, using an
unpreserved water sample, or in the case of soils or samples
with no headspace, the presence of ice sufficient to cool the
samples to 4*C ± 2*C as per standard RMT procedure.

• The disposal of any damaged samples will be in an appropriate
manner and will be documented.

• The pH of each preserved sample and the notation of any
preservative added in the designated box on the Chain-of-
Custody form.
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Presence/absence of sample tags - For RMT procedures these are
usually non-detachable labels affixed to the containers. This
should be noted in the "Comments" section of the Custody form.

Compare the sample tag ID's on the sample to the ID's on
the Chain-of-Custody in the space labeled "Sample Station ID."

RMT workorder forms specifying which analysis is requested on
each sample should also accompany the shipment of samples. The
presence of this form serves as a check to ensure that the
correct bottles for each requested analysis have been received.

LIHS entry

The sample custodian will assign consecutive laboratory sample
numbers to each sample received. Laboratory sample numbers will
be listed on the Chain-of-Custody to cross reference the sample
tag ID numbers. The laboratory sample numbers will be written on
each sample bottle on the affixed label or sample tag.

Initiate a Sample Receipt Acknowledgment form after the samples
been entered into the LIMS system. Attach the Sample Receipt
Acknowledgment form to the Chain-of Custody form and the work
order.

The location of each type of sample bottle will be noted in the
appropriate grid space in the RMT sample log/refrigerator tracking
book (Figure 1.07-2).

The storage area will be kept secure at all times. Each sample
will be logged into the appropriate refrigerator or bin. The
sample custodian will initial and date the separate Refrigerator
Tracking Log (Figure 1.07-3) or Bin Log (Figure 1.07-4) sheet kept
next to each refrigerator or bin after storing each sample. Each
subsequent analyst will sign and date the refrigerato'r or bin log
when removing or replacing samples. All transfers will be
documented on an internal chain of custody record (refrigerator or
bin log). After a sample has been removed from storage by the
analyst, the analyst is responsible for the custody of the sample.
Each analyst must return the samples to the storage area before
the end of the working day or prior to the end of his/her shift.
The refrigerators are maintained according to RMT written
procedure.
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Samples and extracts will be stored after completion of analysis
in the proper storage area. Volatile samples will be stored
separately from other samples. Standards will not be stored with
samples.

Laboratory Security

Access to the laboratory will be through a monitored area. All
laboratory personnel are issued a security card which permits
entry to the laboratory. Other outside access doors to the
laboratory are kept locked. Visitors will sign a visitors log and
be escorted while in the laboratory. Samples will remain in
secure sample storage until removed for sample preparation or
analysis .

All hand written raw data pertaining either directly or indirectly
to a sample analysis must be written in water insoluble black ink.
All raw data should be on the appropriate documents (e.g.,
laboratory notebook, bench sheet, calibration logs, etc.); data
must not be recorded on "scratch paper" and then transferred to
the appropriate documents. If for any reason data are not
recorded on the appropriate documents the paper containing the
original data should be, if possible, permanently attached to the
document. If this is not possible, the paper should be referenced
on the document. Stray marks and numbers on documents are not
acceptable; all data must be legible and identified. Columns of
data should be labeled, and the units should be defined (i.e.,
peak area, concentration, absorbance, weight, etc.).

Bench Sheets and Laboratory Notebooks

Any employee collecting raw data must sign and date the data in
water insoluble black ink and describe the kind of procedure
conducted (e.g., sample extraction, digestion, analysis, etc.).
Computer generated data must be signed and dated (if pot initialed
and dated on the computer printout) by the responsible individual
operating that instrument.

It is essential that any unusual occurrences or data that may
affect the analysis be recorded and documented in its proper
place.

Any spillage, contamination, quality control failure, or other
reason that necessitates that a sample be rerun should be
documented, and a short explanation should be given.
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Unique instrument identification for each instrument used during
the collection of raw data should be included on the bench sheet
or in the laboratory notebook.

Instruments

All instruments must have an instrument standard operating
procedure (SOP), analytical run log, maintenance and calibration
log.

Each instrument must be calibrated according to the procedure and
the frequency described in the instrument SOP, analytical method
or the Quality Assurance (QA) Manual, and the calibration recorded
in the log and the samples analyzed. Dates and explanations of
routine and non-routine repairs must also be recorded in the
maintenance log. Records of non-routine maintenance should
document the nature of the defect, how and when the defect was
discovered, and any remedial action taken in response to the
defect.

Analytical Methods and Procedures

If an analytical method or procedure is modified or if an
alternative procedure is used, which is different from the
analytical method currently used in the laboratory, the actual
method or procedure used should be written on or attached to the
raw data. These variations should be justified and approved in
writing by the section supervisor. Special requests by clients
should be documented in the raw data.

Data Handling and Calculations

All looseleaf data must contain a project number or other
identification to designate it as part of a particular project or
sample.

All computer calculation sheets must be attached to a .bench sheet
or stored in an orderly fashion, being cross-referenced in some
manner. All manual calculations should be recorded on the bench
sheets. If calculation sheets are used, they shall be attached to
the bench sheets, or cross-referenced to the bench sheet. All
chromatograms and instrument printouts should be labeled with
instrument parameters.

Each chromatogram injection should be identified by sample number
(or Standard), injection volume, and must be signed and dated by
the person responsible for injection. If a sample is auto-
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injected, one signature and date are adequate for the group of
samples in that run.

Each AA, ICP, Lachat, or other appropriate instrument printout
should be identified with sample number (or standard) and must be
signed and dated by the person responsible for each analysis. If
a sample is auto-injected, one signature and date are adequate for
the group of samples in that run.

Standard Curves and Standard Preparation

Record the data for the standard curve on the bench sheet with
appropriate units. In those cases where a standard curve is
applicable to more than one bench sheet, record on each bench
sheet the location of the standard curve data.

Dilutions from stock standards should be labeled with the date the
dilution was made and the date that the stock standard was
prepared. These dates should be recorded on the bench sheet along
with the standard curve data.

Reporting an Assay

It is the analyst's responsibility to review the raw data and the
bench sheet prior to being reviewed by a second analyst. The
second analyst reviews the data for calculations and data
completeness. Upon reviewing the raw data the second analyst
signs and dates the bench sheet. The section supervisor reviews
the data for quality control (QC) criteria (calibration, frequency
of QC samples and QC results). The section supervisor approves
the data for LIHS entry by initialing and dating the raw data.
The section supervisor reviews the LIMS generated report for
technical significance. The report than goes to the laboratory
director for final approval. The laboratory director reviews the
final report. Upon approval the laboratory director signs and
dates the final report. The QC coordinator reviews approximately
10% of the final reports. This is done prior to the „review and
approval of the report by the laboratory director. The QC
coordinator reviews the report for QC criteria, completeness, QA
compliance and traceability. Please see the attached flow chart
for the process of reviewing raw data in the laboratory.

Sample Disposal

Samples may be completely consumed during analysis, returned to
the client or sampling location, stored under required
environmental conditions if reanalysis is anticipated or under
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ambient conditions if reanalysis is not likely, or disposed by the
laboratory. Samples and extracts shall usually be disposed within
sixty day's unless otherwise specified.

The Laboratory Director, or his/her designee, shall determine the
method and time for disposal if not specified by the Project
Manager.

Some waste may be disposed of in a sanitary sewer as permitted by
40 CFR 261.3(a)(2)(iv). Some samples may be hazardous because of
their general characteristics or because they are listed in 40 CFR
Part 261. shipping of these materials is addressed in 40 CFR
172.02, 172.03, 172.04, 172.300 and 172.400.
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FIGURE 1.07-2
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WARZYN CHAIN OF CUSTODY PROCEDURES



CHAIN-OF-CUSTODY
Superfund Level

Scope and Application: Chain-of-custody procedures are used to maintain and
document sample possession. This particular procedure
is applicable when full chain-of-custody procedures
are required for enforcement driven investigations.

Reference: NEIC Policies and Procedures, Hay, 1978 (Revised March, 1986).
EPA-330/9-78-001-R.
U.S. EPA Central Regional Laboratory (10/15/82).

Procedure: Due to the legal nature of enforcement driven investigations,
possession of samples must be traceable from the time the samples
are collected until introduced as evidence in legal proceedings or
destroyed. To maintain and document sample possession, strict
chain-of-custody procedures are followed.

A sample is under your custody if:

1) it is in your possession, or
2) it is in your view, after being in your possession, or
3) it was in your possession and you locked it up, or
4) it is in a designated secure area.

Field Custody:

1. As few people as possible should handle samples.

2. The field sampler is personally responsible for the care and custody of
the samples collected until they are properly transferred or dispatched
to the appropriate laboratory.

3. Sample tags and labels shall be completed for each sample, using water
proof ink (unless prohibited by weather conditions). For example: a
log book notation would explain that a pencil was used to fill out the
sample tag/label because a ball point pen would not function in
freezing weather.

4. The field project coordinator determines whether proper custody
procedures were followed during the field work and decides if
additional samples are required.

[DMSOP]
COC3-1



Transfer of Custody and Shipment

1. Samples will be packaged properly for shipment and dispatched to the
appropriate laboratory for analysis, with a separate custody record
accompanying each shipment. The method of shipment, courier name, and
other pertinent information is entered in the "Remarks" (#14) section
of the custody record (see Figure 3). Shipping containers are "sealed"
with numbered chain-of-custody seals. The seal numbers are also noted
in the "Remarks" section of the custody record.

2. Samples are accompanied by a chain-of-custody record (see Figure 3).
When transferring the possession of samples, field personnel w i l l
complete the information required for #1 through #11 on the chain-of-
custody. Any remarks pertaining to shipping are included in #14. This
information is required prior to the field personnel relinquishing
custody of the samples. This record documents sample custody transfer
from the sampler, to the mobile laboratory or a distant laboratory.

3. Each shipping container will be accompanied by a chain-of-custody
record identifying the contents. The original record will accompany
the shipment, and a copy will be retained by the field project
coordinator.

Sample Receipt and Sample Log-In Procedures

Safety Precautions: All samples received should be considered hazardous and
appropriate precautions should be taken when handling
these samples. Under no circumstances should any
personnel other than the sample custodian or project
leader open coolers. If damage or leakage is noted, stay
clear of the coolers and notify the sample custodian or
project leader immediately. All samples will be opened
in a hooded area!

Procedure:

1.0 The project leader will notify the sample custodian in writing of
incoming samples.

2.0 The custodian will receive the samples and deliver them to a hood
located in the analytical laboratory. The procedures described below
will be followed by the sample custodian:

2.1 Examine the shipping container and record the following
information on the project log form (Refer to Figure 1). A
separate project log form is required for each shipping container.
- The presence/absence of custody seal on the shipping container.

- The condition of the custody seal (i.e., intact, not intact).

[DMSOP]
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2.2 Open the shipping container in a hooded area, remove the enclosed
sample documents, and record the following information on the
project log form.

- The presence/absence of the chain-of-custody record(s).

- The presence/absence of airbills and/or bills of lading
documenting shipment of the samples.

2.3 Remove the samples from the container and record the following
information in the project log form.

- Condition of samples (intact, broken, leaking, cold, etc).

- The presence/absence of sample tags.

- Sample tag numbers. Compare these numbers with the chain-of-
custody record(s) (Figure 3). If sample tag numbers do not
match. Record this fact on both the chain-of-custody record and
project log form and contact the data management supervisor so
that the discrepancy can be resolved.

2.4 Compare the following documents to verify agreement of the
information contained on them.
- Chain-of-custody records.

- Sample tags.

- Airbills or bills of lading.

2.5 Sign the Chain-of-Custody (Figure 3 - #12 and #13), project log
form and airbills.

3.0 Login the samples (refer to the "Chain-of-Custody, Log-In and Tracking
Procedures" SOP Parts 2-7):

3.1 Each sample is assigned a unique sequential laboratory number.
The laboratory number is entered on the chain-of-custody (#15),
sample labels and sample tags.

3.2 The sample custodian will remove the sample tags. All tags will
be placed in sealed envelopes and placed in the appropriate
project file.

4.0 Sample Storage:

4.1 Samples and extracts will be stored in a secure area designated
for strict chain-of-custody samples.

4.2 Damaged samples will be disposed of in an appropriate manner and
the method of disposal documented.

[OHSOP]
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4.3 The laboratory and sample storage areas are secure with strict
limited access by only laboratory personnel.

4.4 Whenever samples are removed from storage, the removal will be
documented. All transfers of samples will be documented on the
internal chain-of-custody records. (Refer to Figure 2).

4.5 Samples and extracts will be stored after completion of analysis
in accordance with the contract or until sample custodian is
instructed otherwise by the enforcement Project Officer.

4.6 The location of stored organic extracts will be recorded.

4.7 VOA samples will be stored separately from organic extracts.

4.8 Standards are stored separate from samples.

4.9 Samples requiring refrigeration are stored in the walk-in coolers,
refrigerator. Metal samples are stored in the black cabinets in
log-in. Metal digestates are stored on shelves in the metals lab.

5.0 Sample Security:

5.1 Samples will be stored in a secure area.

5.2 Access to the laboratory will be through a monitored area. Other
outside-access doors to the laboratory will be kept locked.

5.3 Visitors will sign a visitors log (located at the reception area
and will be escorted while in the laboratory area.

5.4 Refrigerators, freezers, and other sample storage areas are secure
as they are located within the laboratory.

5.5 Only laboratory personnel have access to the laboratory.

5.6 Samples will remain in secure sample storage until removed for
sample preparation or analysis. All transfers of samples into and
out of storage will be documented on an internal chain-of-custody
record. An example of an internal chain-of-custody record used
for this procedure is attached. (See Figure 2).

5.7 These internal custody records will be maintained in the project
file.

5.8 After a sample has been requested from storage by the analyst, the
analyst is responsible for the custody of the samples. Each
analyst must return the samples to the storage area before the end
of the working day.

[OMSOP]1 COC3-4



Internal Chain-of-Custodv Procedure:

The following procedure for documentation of internal chain-of-custody for
samples requiring continuous custody.

1. Samples requiring refrigeration will be stored in the walk-in coolers
located in the sample entry area. Metal samples are stored in the
black cabinets in log-in. Metals digestates are located in the metals
lab. A list of sample numbers will be maintained by the sample
custodian.

2. Only the laboratory personnel will have access to the walk-ins.

3. Samples will remain in the designated walk-ins until removed for sample
preparation and/or analysis.

4. All transfer of samples into or out of the walk-ins will be documented
on an internal chain-of-custody record (see Figure 2). These records
are maintained by the sample custodian.

5. Once a sample is removed from a walk-in by the sample custodian, he/she
will then give it to the analyst, who is then responsible for the
custody of the sample. Each analyst must return samples to the walk-in
before the end of the working day. Samples are not allowed to sit on
the bench overnight.

6. The next morning, sample custodian will put samples back in their
proper place on the shelves. Sample custodian is responsible for
signing sample request sheet that samples were returned properly. Any
remarks will also be noted by the sample custodian.

7. When sample analyses and necessary quality assurance checks have been
completed by the laboratory or after a 3 month time period whichever is
longer, the unused portion of the sample should be disposed of
properly. All identifying tags, data sheets, and laboratory records
shall be retained as part of the permanent documentation of the
project. Tags and forms are never discarded!

Revision Date

__________ _ _ 9-26-87
Michael J. Linskens
Director, Technical Services 8-18-88

k SL
Kirn D. Finner
Laboratory Manager

[DMSOP]
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FIGURE 2

WARZYH SAMPLE REQUEST SHEET

Requested By: ____
Date/Time Submitted:

I am requesting:

Need Samples By:
Date: ______
Time: ______

Proiect No. Sample No(s) Parameter Matrix Remarks

I am returning: Date/Time:
Proiect No. Samole No(s) Remarks
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CHAIN-OF-CUSTODY, LOG-IN AND TRACKING PROCEDURES

Scope and Application: This procedure is applicable to the log-in of samples
and addresses such areas as: sample custody, log-in,
labeling and preservation of samples. This procedure
begins as the samples enter the laboratory and follows
the samples to their destruction.

Procedure:
1. Chain-of-Custodv Procedure: Samples arriving in the laboratory are

accompanied by some type of custody record. The most common type of
record is that shown in Figure 1. Follow the instructions below for
all levels of chain-of-custody,
A. Superfund Level Chain-of-Custodv:

1. Refer to the "Chain-of-Custody - Superfund Level" SOP.

B. Routine Chain-of-Custodv:

1. Samples arriving in the laboratory are accompanied by a chain-
of-custody record (refer to Figure 1).

2. Review the custody form with the samples received and see that
the spaces marked #1 - #12 have been accurately completed by
the sampler.

3. Any discrepancies with the chain-of-custody record or the
samples should be immediately brought to the attention of the
customer service relations person so that the problems can be
solved in an efficient manner.

4. If samples were shipped, note the courier name in the remarks
section (#15) of the chain-of-custody record.

5. Record any other comments such as: temperature upon receipt,
preservation (if done in lab), problems, etc, in the remarks
section (#15).

6. Fill in the lab numbers in the section marked #16 (refer to the
log-in portion of this procedure for how to obtain lab
numbers).

7. Sign and date the chain-of-custody record (#13 - #14).

8. Route the custody record to the data management office when
log-in is complete.
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NOTE: The laboratory is a secured area with strict limited access. Any
samples arriving to the laboratory during "off hours" are stored in the
laboratory refrigerator until they are logged in. Laboratory personnel
are responsible for the care and custody of the samples during the
analysis stage and until the samples are removed from the refrigerator
and properly disposed of.

2. Log-In Procedure: Samples are logged in as follows (Refer to
Figure 2):

A. Sample Information:

Care should be taken to document the condition of samples upon
receipt. Anomalies such as broken or leaking bottles, expired
holding times, improper labeling or preservation, and air bubbles in
VOA vials should be noted on the chain-of-custody. It should also
be noted whether the samples arrived cold.

B. Numbering. Samples:

Number the samples on the chain-of-custody form. Record lab numbers
used in the black lab book. If no chain-of-custody form accompanied
the samples, the sampler must be contacted and one must be filled
out. Blank forms are available in the log-in area.

NOTE: - Sample preparation is required if the samples need to be
filtered and/or preserved in the lab.

- If metals are requested, metal digestion is required for
all matrices except filtered groundwaters or private
well.

- Sample compositing is required if the lab is instructed
to composite a series of samples received into one
sample for analysis.

C. Subcontracted Work Required:

Refer to the subcontracting SOP for further instructions on
subcontracting samples.

D. Special Accounting Notes:

If there is a discount or a special proposal for the sample analyses to
be charged, record that information on the chain-of-custody.
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E. Labeling Bottles:

1. Record the lab number on the sample bottle label and caps using a
water-proof marker.

2. Check that the appropriate preservation and preparation has been
circled.

3. If metals and total hardness are both required, using a red water-
proof marker, place a dot on the bottle cap of that bottle to be
used for those analyses.

F. Preserving Samples:

1. Samples which have been preserved in the field must be checked via
pH paper in the laboratory to insure they were preserved to the
correct pH. Check preserved samples as follows:

a. Acid-preserved (HN03 or HjSC^) samples must be preserved to a
pH <2. Using a pH stick, check the pH. If the pH is not <2,
note this on the chain-of-custody, then add additional acid
until a pH is obtained. IT IS CRITICAL THAT THE CORRECT TYPE
OF ACID BE ADDED.

b. Base-preserved NaOH samples must be preserved to a pH > 12.
Using a pH stick, check the pH. If the pH is not > 12, note
this on the chain-of-custody, then add additional ION NaOH
until a pH > 12 is obtained.

c. Base-preserved NaOH with ZnAc samples must be preserved to a pH
> 9. Using a pH stick, check the pH. If the pH is not > 9,
note this on the chain-of-custody, then add additional ION NaOH
until a pH > 9 is obtained.

2. Samples which have not been preserved in the field need to be
preserved in the laboratory. Record any preservation done in the
lab on the field sheets or custody records. Refer to Figure 3 for
preservation requirements and preserve accordingly. It is
important that samples arrive in appropriate containers (see
Figure 3). If they do not, contact the inorganic/organic
supervisor. They will determine which analyses, if any, can be
run.

3. It is important that samples be received and maintained cold for
most analyses. If a sample was received warm, make note of this
on the field sheet or custody record.

[DMSOP]
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G. Computer Log-In:

Analysis requests are entered into the Laboratory Information
Management System (LIHS). The LIMS database is used for scheduling of
analytical work and to produce accounting invoices. Analysis requests
are entered into the LIHS database as follows:

1. Turn on the computer terminal.

2. Enter: C CHICO (return).

3. Enter: ASCORA (return).

4. Enter: Password (return).

5. At the VMS $ prompt, enter LABMENU (return).

6. Enter: LOGIN (return).

7. Enter: Password (return).

8. The Log-In screen will appear as shown in Figure 2. Using
information on the chain-of-custody, proceed as follows:

a. Enter project number (return). Account number and name will
be filled in automatically. If the information matches the
chain-of-custody, press return.

b. Sample date automatically defaults to yesterday's date. If
this is correct, press return or over ride with correct date.

c. Enter sample identification from station location on the
chain-of-custody and press return.

d. Enter proper matrix number and press return.

e. Desc: This is used if sample identification is longer than
the number of characters in the sample identification field.
(Return to over ride or enter information and return.)

f. Date received automatically defaults to today's date. If
correct, press return or over ride with correct date.

g. Days to process automatically defaults to 14 days. If this is
correct (standard turnaround time) press return or if rush
work, over ride with the number of days until due.

h. Duedate: First date listed is report date, second date is the
lab due date which can be changed if necessary.

[DMSOP]
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i. Comments: Enter special tests or other information needed to
analyze samples correctly and press return.

j. Manager: Filled in automatically; press return if correct or
over ride.

k. Price/Cost: Return if correct or over ride.

1. % Markup/Discount: For accounting. Enter a negative number
for a discount (i.e. -15 for 15%) and a positive number for
markups (i.e. 100 for 2 x price). Check accounting sheets for
projects with special pricing,

m. To enter parameters, press Next Screen (see Figure 2A).

n. Matrix automatically defaults to matrix entered above (return
or override).

o. Enter the proper code name for the test to be run from report
HF01. Use parent codes if applicable for quicker entry.
(Press the down arrow key, return.)

p. To enter address for the report, press Next Screen (see Figure
2B).

q. Type: Report (return).

r. If an address has already been entered and matches the chain-
of-custody press Commit and return.

s. If no address appears, press return until cursor is in the
City field. Type in the city and press return.

t. Type in state (press Commit and return). After city and state
has been entered for the first sample, it will automatically
be copied for the rest of the sample numbers in a single log-
in.

9. To duplicate the entry for another sample on the same chain-of-
custody:

a. If next sample to be entered has all the same information as
the previous sample entered, press Duplicate Record key (F7).

b. Enter sample identification and press Commit key, return.
10. To duplicate only the information in the upper block of the log-

in screen (sample date, matrix etc.):

a. Press Create Record key (Insert Here) and enter sample
identification.

[DMSOP]
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b. Press Previous Screen (F12) if sample date needs to be
changed.

c. Press Next Screen, return. Then press Next Screen again to
enter new product codes for the analyses requested.

d. Press Previous Screen to enter new sample or to quit,

e. Press Clear Form (F17) to enter a new chain-of-custody.

f. Press Exit/Cancel (PF4) to exit from the log-in screen.

1. Press Exit/Cancel to exit from the LIMS system.
2. At the VMS $ prompt, enter LO (return) to log off the VAX

computer.
3. Enter N (return).

13. If in Step 8a. the computer says project number is invalid:

a. Press Exit/Cancel (PF4).

b. Enter "Y" (return).

c. On the LIHS Main menu, use the up arrow key to position the
cursor on "Seedpak Management". Press Commit key.

d. Use the down arrow key to move to project entry. Press Commit
key.

e. Enter project number (return).

f. Enter account number (9999) and return.

g. Enter description for chain of custody (project name).

h. Enter manager from chain-of-custody (i.e. Finner, K).

i. Press Exit/Cancel (PF4), twice.

j. At the LIHS main menu, select log-in and press Commit.

14. To print daily log-in reports:

a. Print out the appropriate FS02 reports for only the samples
logged in that day. The computer printout must be checked
against the custody record or field sheets by the
inorganic/organic supervisors so that any errors can be
corrected. Print a report as follows:

b. Select "Seedpak Reporting" from the main menu, and press Commit.

[DMSOP]
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c. Select FS02 and press Commit.

d. Enter today's date, press Commit and return.

e. The inorganic/organic supervisors are responsible for updating
and printing lab schedules as they require them.

f. Any "rush" work is to be brought to the inorganic/organic
supervisors' attention immediately.

15. Sample Storage:

a. Proper handling and storage is necessary in order to maintain the
integrity of the samples. Refer to Figure 3 for storage
requirements.

b. Refrigerated Storage:

1. Store routine custody samples in the walk-in refrigerator.
Separate samples by preservative type. Samples with organic
analyte requests are stored on a separate shelf in the walk-
in.

c. Non-Refrigerated Storage:

1. Metal samples are stored in the log-in area in the
appropriate cabinets.

2. Other samples not requiring refrigeration are stored on the
appropriate shelves next to the walk-in refrigerator.

d. Any samples removed for analysis must be put back in the original
location when the analysis is complete.

16. Sample Handling:

a. Samples are handled in and out of the walk-in coolers and black
cabinets by the sample custodian.

b. Analysts are responsible for filling out sample request forms
(see Figure 4) to request needed samples.

c. Forms are given to the sample custodian.

d. Sample custodian gathers requested samples and leaves yellow copy
of form with samples, and keeps the white copy.

e. Analysts return samples to the walk-in accompanied by the yellow
copy of the request form.

[DMSOP]
LOGINS-7



f. Next morning, sample custodian puts samples back in their proper
place on the shelves.

g. Sample custodian signs off on white sheet that samples were
returned. Any remarks are also noted on the white sheet.

17. Storage/Disposal:

Due to limited sample storage facilities available, the following
guidelines have been created for sample storage/disposal. Sample
storage time may be extended upon client's request.

a. One week after the report issue date, inorganic samples which are
in cold storage are to be transferred to warm storage.

b. One month after the report issue date, organic samples which are
in cold storage are to be transferred to warm storage.

c. Samples in warm storage should be disposed of as follows:

Aqueous Samples: Dispose 1 month after report issue date.
Non-Aqueous Samples: Dispose 6 months after report issue date.

Revision Date

______________________ 08/18/87
Michael J. Linskens
Director, Technical Services 08/15/88

3-19-qn
Kirn D. Finner
Laboratory Manager
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WARZYN ENGINEERING INC.
ANALYTICAL SERVICES
SAMPLE FLOW DIAGRAM
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* SHORT TERM STORAGE: WALK-IN REFRIGERATOR FOR SAMPLES REQUIRING
REFRIGERATION, BLACK CABINETS IN SAMPLE LOG-IN AREA FOR SAMPLES
NOT REQUIRING REFRIGERATION, WALK-INS FOR SAMPLES REQUIRING
"SUPERFUND LEVEL CHAIN-OF-CUSTODY".

** ROUTINE WET CHEMISTRY ANALYSES INCLUDE BOTH AUTOMATED AND MANUAL
TESTS.

*** LONG TERM STORAGE: NON-REFRIGERATED STORAGE IS LOCATED IN THE
FIELD STORAGE ROOM.
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FIGURE 2A

Project «: 60818.00

Sample #: 496-003 Sample D
Matrix: 1 Groun3H20 D

Received: 3T- JAN-90 Days to
Comments:

Order: 619
Login: 496

Matrix
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20
1 GroundH20

on 31-JA

Product
AG
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BA
CU
CR
UlliAbbt
HG
PB
SDh
St

Acct:9999
rjr - - -

GPC-576

ate: 28-JAN-90 Sample ID:
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N-90 Pi
% Markup;

Type Price
S 12
S 25 -
S 12
S 12
S 12
S 0
S 32
S 22
S 10
S 2b

Due Date:
Manager:

•ice/Cost:
'Discount:

Cost
0
0
0
0
0
0
0
0
0
0

MW-3

14-htH-90 12-FLB-90
CLARK, J
312 yo
0

Hold date PList
12-FEB-90 S
12-FEB-90 S

S
12-FtB-9U b
12-FL-B-90 S

S
2b-FtB-90 5
12-FEB-90 S

S
12-FLB-90 b

+ +
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FIGURE 3
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Notes

(A) 1-3 Analyses; 250 mL required
4-7 Analyses; 500 mL required

>8 Analyses; 1000 ml required

(8) 1-3 Analyses; 250 ml required
4-7 Analyses; 500 mL required

(C) The metals selenium, arsenic, silver, mercury and hardness require
additional volume. Use the following bottle scenario;
- One 250 ml bottle for all metals excluding above
- One 250 ml bottle for all metals plus two of the above analytes (except

mercury). If mercury is required, an additional 250 mL is required.
Label bottle for mercury analyses.

- One 500 mL bottle for all metals, including all five of the above
analytes. Two 250 mL bottles may be used instead.

(0) Dissolved solids require 100 mL of sample. This volume can be included
in the (A) unpreserved bottle.
The volume required for suspended, total and volatile solids depends en
the nature of the sample. Dirty samples require 100-250 mL, clean
require 1000 mL. Sample accordingly.

(E) Collect sample in either a 250 mL amber bottle with inverted cap or 250
or 500 mL amber bottle with teflon septa. Collect with no headspace.

(F) Collect 250 ml. :ising either sterilized Whirl-Pa'< bag or nalgene bottle.
Collect in Whirl-Pel? bags with sodium thiosulfate (Na-jSjĈ ) additive if
the sample is chlorinated.

(G) Collect the sample in a 1-liter wide-mouth jar. Collect at least SCO
grams for analysis.

(H) V o l a t i l e orgar.ics may also be collected using two 40-aiL VOC vials.

(I) Add 0.6 g ascorbic acid if residual chlorine is present.
Maximum holding ti~.e is 24 hours when sulfide is present. Optionally ail
samples may be tested with lead acetate paper before pH adjustments in
order to determine if sulfide is present. If sulfide is present, remove
by the addition of cadmium nitrate powder until a negative spot test is
obtained. The sample is then filtered and NaOH is added to pK >12.

(J) Preserve chlorinated samples with 1 crystal of sodium thiosulfate
(Na2S203) per vial.
Samples can be either preserved with 1:1 KC1 or left unpreserved.
Samples receiving no pH adjustment must be analyzed within 7 days of
sampling.
Samples that contain hydrocarbons (samples from gasoline or fuel oil

•• contaminated sources) must be preserved with 1 drop of 1:1 hydrochloric
acid (HC1).
If either acrolein and acrylonitrile are to be analyzed, the pH should be
adjusted to 4-5 with 1:1 hydrochloric acid (HC1). Samples receiving no
pH adjustment must be analyzed within 3 days of sampling.
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(K) Add 0.0081 sodium thiosulfate (^23303) if residual chlorine is present.

(I) Adjust pH to 5-9 with sulfuric acid (H2S04). The pH adjustment may be
performed upon receipt at the laboratory and may be omitted if the
samples are extracted within 72 hours of collection. For the analyses of
Aldrin, add 0.008X sodium thiosulfate (Na2$203) to the sample.

(M) Collect two (2) 1000 ml amber glass bottles with teflon-lined caps per
analysis.

(N) Collect two (2) 80 oz amber glass bottles with teflon-lined caps for one
or both analyses listed. Alternatively, four (4) 1-liter amber bottles
with teflon-lined caps may be used.

(0) The holding time is 7 days until extraction, 40 days after extraction.

EJK/cac
[cac-70C-93A]
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Pro.iect No. Sample No(s) Remarks
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DOCUMENT CONTROL AND THE EVIDENTIARY FILE



DOCUMENT CONTROL AND THE
EVIDENTIARY FILE SYSTEM

ACCOUNTABLE DOCUMENTS

Accountable documents will include all logbooks, field data records, correspondence,
sample tags, graphs, chain-of-custody records, and other sample documentation forms used,
original data including laboratory bench sheets, photographic prints and planning
documents.

FILE STRUCTURE

Documents will be arranged in the evidentiary file using the format attached.

LOGGING OF DOCUMENTS

Documents will be received by the Document Control Officer who will log them and assign
a number to each such that documents within each document subclass are separately
serialized. An exception to this will be sample tags, chain-of-custody forms or other
documents that are numbered prior to assignment for use.

DOCUMENT ACCESS

Project documents will be secured in a separate, locked file cabinet. Access will be limited
by the Document Control Officer to project personnel. A check-out log will be maintained
as a record of access.

EVIDENCE FILE AUDIT

Upon project completion, the Warzyn Quality Assurance Officer will audit the evidence
file for completeness. Results of the audit will be documented on the attached form and
kept in the Final Evidence file.

FINAL DISPOSITION OF FILE CONTENTS

The Final Evidence file will be maintained by Warzyn as described in Section XXII,
Record Preservation, of the Consent Order. The file will be maintained during the
Pendancy of the Consent Order and for a minimum of five years after its termination. The
PRP shall notify the U.S. EPA in writing within thirty (30) calendar days prior to the
destruction of such documents at the end or the five year period. ^

CAW/caw/PJV



PROJECT SINGLE-FILE STORAGE SYSTEM - FILE CHECKLIST SHEET
[05/24/89]

CATEGORY

File Index

Contracts/Proposals/Bids

Financial

Correspondence

Planning Documents

Quality Assurance

Field Data

FILE COMMENTS

List of all files:
copy of this sheet is acceptable

A Proposals, contracts, purchase
orders, specif icat ions-COPIES ONLY

B Summary of invoice status: invoices
correspondence re: accounts
receivable: copy of budget and
project task setup; COPIES ONLY

C Various incoming and outgoing
letters, memorandums, diary notes.

C1-A11 inhouse correspondence;
diary notes and memos

C2-A11 outgoing letters/memos

C3-A11 incoming correspondence

C4-Telephone conversation records

C5-Chronological file - all correspondence

OS-Miscellaneous

D Documents other than proposals:
Health and Safety plans. Sampling
plans, QAPPs, permit plans;
special instructions/outlines for
conducting the project; Work Plans;
UEI plans and specifications

E A work plan and budget; project
history file; etc.

F Original field data/notebooks

Fl-Field boring logs
F2-Well construction details

F3-Geotechnical testing

F4-Geophysical testing

F5-Uater Quality testing and water
level measurements

F6-Oaily field logs

F7-Baildown testing

F8-Structural testing

F9-Miscellaneous/Other

FlO-Surveying/Warzyn Field Reports/Notebooks

REQUIRED CATEGORIES1 ,2

X

X

X

WARZYN



PROJECT SINGLE-FILE STORAGE SYSTEM - FILE CHECKLIST SHEET

(Continued)

CATEGORY
Laboratory Data

FILE

G

Calculations

Photographs/Haps

Originals

Warzyn Reports

Uarzyn Drawings

Other Reports/Drawings

Miscellaneous

Checkprint

Laboratory test data: chemical,
geotechnical materials: original
data and quality control data

Gl-Analytical laboratory data

G2-Geotechnical laboratory data

63-Haterials testing laboratory data

G4-Subcontracted laboratory data

Calculations, quantity estimates,
computer printouts of tabularized
data; sets of data should be bound
separately

Photographs, stereo pairs, site
maps (published), zoning, topography,
geology, groundwater, bedrock,
negatives

Warzyn original reports or drafts

Copies of the project report or
previous pertinent UEI reports

Reference list of report drawings;
copies or reduced copies of
original drawings. Note: original
or reduced mylars will be
stored separately

Non-Warzyn reports and drawings

Other file information which
does not fit into other
categories; file must be named.

TEMPORARY FILE of checkprints, draft
reports or other work in progress.
File must be removed upon job
completion.

REQUIRED CATEGORIES1.2

X

1 Main file categories indicated with an X are standard on all projects, but will not be set up by Records
until category-specific data is generated.

2 Subcategories may be established by the Project Manager on a project-specific basis (e.g., Superfund
projects).

SS/kjw/KEB/DWH
[ckb-400-98]
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DOCUMENT AUDIT CHECKLIST*

PROJECT NO. ___
PROJECT LOCATION
FILE LOCATION

DATE OF AUDIT
SIGNATURE OF AUDITOR

Yes_ No_ 1. Have Individual files been assembled (field In-
vestigation, laboratory, otter)?

Comments:

Yes_ No_ 2. Is each file Inventoried?

Comments:__________

Yes_ No_ 3. Is there a list of accountable documents?
Comments:____________________

Yes_ No_ 4. Are all accountable documents present or accounted
for?

ints:

From NEIC Procedure Manual for the Evidence Audit of Enforcement
Investigations by Contractor Evidence Audit Teams, EPA-300/9-81-003-R,
April, 1984.



Yes_ No_ 5. Is a document numbering system used?

Comments:__________________

Yes_ No_ 6. Has each document been assigned a document control
number?

Comments:

Yes No_ 7. Are all documents listed on the Inventory accounted
for?

Comments:

Yes_ No_ 8. Are there any documents 1n the file which are not on
the Inventory?

Comments:

Yes_ No_ 9. Is the file stored In a secure area?

Comments:__________________

Yes_ No_ 10. Are there any project documents which have been
declared confidential?
Comments:________________________



Yes_ No_ 11. Are confidential documents stored 1n a secure area
separate from other project documents?
Comments:

Yes_ No_ 12. Is access to confidential files restricted?

Comments:_____________________

Yes No 13. Have confidential documents been marked or stamped
"Confidential"?

Comments:___________________________

Yes_ No_ 14. Is confidential Information Inventoried?

Comments:___________________

Yes_ No_ 15. Is confidential Information numbered for document
control?
Comments:

Yes No 16. Have any documents been claimed confidential under
~ ~~ TSCA?

Comments:

[jpl-602-84f]



APPENDIX J

INTERNAL FIELD INVESTIGATIONS AND LABORATORY
AUDIT PROCEDURES



INTERNAL AUDIT PROCEDURES FOR FIELD METHODS



INTERNAL FIELD INVESTIGATIONS AUDIT

This describes a procedure for auditing activities performed during field
investigations or remedial actions. The audit addresses the adherence to
procedures documented in project plans. These plans may include the project
Work Plan, Sampling Plan, Quality Assurance Project Plan and Health and Safety
Plan.

WORK ASSIGNMENT
The Warzyn Quality Assurance Manager (QAM) will schedule each audit performed.
Audits may be performed by the QAM or by personnel under his/her direction.
Audits may be announced or unannounced.

AUDIT PREPARATION
The auditor will review project plans, standard operating procedures, safety
plans, or other pertinent project documents for background information.
Equipment that may be required for the audit, including safety equipment, will
be obtained for use during the audit. The Harzyn Project Manager will be
informed that the audit is to take place in order for the auditor to obtain
updated information on site conditions.

ON-SITE AUDIT
A briefing is scheduled with the sampling team prior to initiating the audit.
The auditor shall briefly describe the audit process and obtain updated
information on the field tasks. The audit is the evaluation of adherence to
project planning documents and of sample identification and control, chain-of-
custody procedures, field documentation, security of evidence and sampling
operations. The evaluation is based primarily on the project planning
documents.

The auditor will maintain a record of all activities performed during the
audit, which may include logbooks, work papers and checklists. The checklists
are attached. The auditor must accurately track the dates and times of audit
activities and the document numbers that have been reviewed. Included in the
record will be the project codes, project location, identification of the



Investigators assigned to the project and auditor's name. The checklists must
be completed In their entirety and any other pertinent Information should be
recorded 1n the "comments' section.

Sample Control
The field audit addresses handling of samples from time of collection through
shipping or delivery to the performing laboratory. A sample 1s typically
Identified as to the location, date, time and name of person collecting 1t. A
sample tag 1s used for this purpose. Samples are also typically listed 1n a
Chaln-of-Custody record. The auditor should evaluate adherence to sample
documentation and control procedures outlined 1n the project planning
documents.

Data from on-s1te measurements and observations made by field personnel are
typically recorded directly Into a field logbook or field data record. The
auditor should observe this activity or the results.

Sample Tag
Samples are removed from the sample location and transferred to a laboratory
or other location for analysis. Before removal, however, each 1s preserved 1n
accordance with prescribed procedures and the sample 1s Identified with a
sample tag. The Information recorded 1n the sample tag typically Includes:

Project Code - An assigned number

Station Number - A two-digit number assigned by the
Project leader and listed 1n the project
Plan

Date - A six-digit number Indicating the year,
month and day of collection

Time - A four-digit number Indicating the clock
time of collection, for example: 0954.

Station Location - The sampling station description, as
specified In the project plan



Samplers - Each sampler's name 1s listed

Tag number - A unique serial number Is stamped on
each tag

Remarks - The samplers record of pertinent
observations

The sample tag contains an appropriate place for designating the sample as a
grab or composite and Identifying the type of sample collected for analysis.
The sample tags are securely attached to each sample.

After collection, separation, Identification and preservation, the sample 1s
typically maintained undar cha1n-of-custody procedures. If the composite or
grab sample 1s to be split, 1t 1s allquoted Into similar sample containers.
Identical Information 1s recorded on the tag of each split. This Identifies
the split sample for the appropriate government agency, facility, laboratory
or company. In a similar fashion, tags on blank or duplicate samples are
marked "Blank" or "Duplicate," respectively, unless otherwise directed.

The auditor will examine a selected number of sample tags for completeness and
accuracy. The auditor will determine 1f the station number and location are
Identified; the date and time collected are Indicated; the type of sample and
analysis are specified, the preservative, 1f used, 1s Identified, and the
sampler('s) slgnature(s) appear on the tag. The auditor will also determine
1f the station location accurately Identifies where the sample was taken and
that the sampling methods used were as specified 1n the project planning
documents.

Cha1n-of-Custodv Record
Possession of samples collected during Investigations typically must be
traceable from the time collected until Introduced as evidence 1n legal
proceedings. Chaln-of-Custody Records are used for this purpose.

A sample 1s 1n your custody If the following criteria are met:



1. It Is 1n your possession; or

2. It 1s 1n your view, after being In your possession; or

3. It was 1n your possession and then locked up to prevent tampering; or

4. It was 1n your possession and then transferred to a designated secure
area.

The auditor will select a predetermined number of Cha1n-of-Custody records to
be audited 1n the field. The records must be reviewed to determine 1f the
station number and description correspond to the sample tag, 1f the date and
time correspond, If the parameters to be analyzed have been properly
Identified, and 1f all custody transfers have been documented and the date and
time of transfer recorded.

The auditor will also determine 1f samples are kept In custody at all times
and are handled to prevent tampering. Sampling equipment should also be
checked for security and to detect tampering.

Traffic Forms
If samples are analyzed under the Contract Laboratory Program (CLP), Organ!cs
and Inorganics Traffic Report forms must also be used. The Organic and
Inorganic Traffic Reports are to be executed by the field sampling team and
are subject to audit as are the previously discussed documents. This portion
of the audit Is to observe that the Information recorded on the forms Is
correct and that It coincides with the Information on the sample tags and on
the Cha1n-of-Custody Record.

Field Documentation
Observations and measurements during field Investigations must be recorded 1n
bound logbooks. These records are Intended to provide sufficient data and
observations to enable participants to reconstruct events that occurred during
the project and to refresh the memory of the Investigators, 1f called upon to
give testimony during legal proceedings.



Logbooks: Project logbooks will be reviewed by the auditor during the field
Investigation audit to see that each 1s signed and entries are dated. Logbook
entries must be legible, written 1n Ink and contain accurate and Inclusive
documentation of an Individual's project activities. Because the logbook
forms the basis for reports written later, It must contain only facts and
observations. Language should be objective, factual and free of personal
feelings or other terminology which might prove Inappropriate. Pertinent
Information should be recorded 1n these logbooks from the time each Individual
1s assigned to the project until the project 1s completed. Entries made by
Individuals other than the person to whom the logbook was assigned must be
dated and signed by the Individual making the entry.

Photographs; The auditor will review field logbooks to determine 1f
photographs taken are properly documented. When movies, slides or photographs
are taken which show sampling sites or provide other documentation, they are
numbered to correspond to the logbook entries. The name of the photographer,
date, t1n;e, site location and site description are entered sequentially 1n the
logbook as photos are taken.

Corrections to Documentation: As previously noted, unless prohibited by
weather conditions, original data recorded 1n logbooks, sample tags, custody
records and other data sheet entries are written with waterproof Ink. None of
the documents listed above are to be destroyed or thrown away, even 1f they
are Illegible or contain Inaccuracies which require a replacement document.

If an error 1s made on a document, the Individual may make corrections simply
by drawing a line through the error and entering the correct Information. The
erroneous Information should not be obliterated.

Sampling Operations
The auditor will review sampling operations to determine 1f they are performed
as stated In project planning documents. The proper number of samples should
be collected at the assigned locations. The auditor will check to determine
that the samples are 1n prescribed containers and are preserved 1n accordance
with project plans. The auditor will determine 1f the required field



measurements and quality assurance checks are performed and documented as
directed.

A closing briefing shall be held with the field team leader to verbally review
observations. Unresolved problems will be discussed with the Warzyn Project
Manager and Quality Assurance Manager.

Reporting
A written audit report 1s submitted to the Warzyn QAM after completion of the
audit. The report shall Include copies of checklists. A copy of the report
will be given to the Warzyn Project Manager and will become part of the
project file.

RCW/bcn/DWH
[bcn-800-70]



FIELD CHECKLIST
Briefing with Project Manager

SIGNATURE OF AUDITOR _______________ DATE OF AUDIT
PROJECT MANAGER ___________________ PROJECT NO. _
PROJECT LOCATION _____________________________
TYPE OF INVESTIGATION _________________________
(authority, agency)

Yes_ No_ N/A_ 1. Was a project plan prepared? If yes, what Items are
addressed 1n the plan?

Yes_ No_ N/A_ 2. Were additional Instructions given to project
participants (I.e., changes 1n project plan)? If yes,
describe these changes.

Yes_ No_ N/A_ 3. Is there a written 11st of sampling locations and
descriptions? If yes, describe where documents are.

Yes_ No_ N/A_ 4. Is there a map of sampling location? If yes, where 1s
the map?

Yes_ No_ N/A_ 5. Do the Investigators follow a system of accountable
documents? If yes, what documents are accountable?



FIELD CHECKLIST
Field Observations

Yes_ No_ N/A_ 1. Are the number, frequency and types of field
measurements and observations taken as specified 1n the
project plan or as directed by the project manager? If
yes, where are they recorded?

Yes_ No_ N/A_ 2. Are samples collected 1n the types of containers
specified for each type of analysis? If no, what kind
of sample containers were used?

Yes_ No_ N/A_ 3. Are samples preserved as required? If no or N/A,
explain.

Yes_ No_ N/A_ 4. Are the number, frequency and types of samples collected
as specified 1n the project plan or as directed by the
project manager? If no, explain why not.

Yes_ No_ N/A_ 5. Are samples packed for preservation when required (I.e.,
packed 1n 1ce, etc.)? If no or N/A, explain why.

Yes_ No_ N/A_ 6. Is sample custody maintained? How?



FIELD CHECKLIST
Document Control

Yes_ No_ N/A_ 1. Have unused and voided accountable documents been
returned to the coordinator by the team members?

Yes_ No_ N/A_ 2. Were any accountable documents lost or destroyed? If
yes, have document numbers of lost of destroyed
accountable documents been recorded and where are they
recorded?

Yes_ No N/A_ 3. Are samples Identified with sample tags? If no, how are
samples Identified?

Yes_ No_ N/A_ 4. Are sample tags completed (e.g., station no., location,
date, time, analyses, signatures or samples, type,
preservatives, etc.)? If yes, describe types of
Information recorded.

Yes_ No_ N/A_ 5. Are samples collected listed on a cha1n-of-custody
record? If yes, describe the type of cha1n-of-custody
record used and what Information 1s recorded.

Yes_ No_ N/A_ 6. If used, are the sample tag numbers recorded on the
chaln-of-custody documents?



Yes_ No_ N/A_ 7. Does Information on sample tags and Cha1n-of-Custody
Records match?

Yes_ No_ N/A_ 8. Does the Cha1n-of-Custody Record Indicate the method of
sample shipment?

Yes_ No_ N/A_ 9. Is the Chaln-of-Custody Record Included with the samples
1n the shipping container?

Yes_ No_ N/A_ 10. If used, do the sample traffic reports agree with the
sample tags?

Yes_ No_ N/A_ 11. If used, are blank samples Identified?

Yes_ No_ N/A_ 12. If collected, are duplicate samples Identified on sample
tags and Cha1n-of-Custody Records?

Yes_ No_ N/A_ 13. If used, are spiked samples Identified?

Yes_ No_ N/A_ 14. Are logbooks signed by the Individual who checked out
the logbook from the project coordinator?



Yes_ No_ N/A_ 15. Are logbooks dated upon receipt from the project
coordinator?

Yes_ No_ N/A_ 16. Are logbooks project-specific (by logbook or by page)?

Yes_ No_ N/A_ 17. Are logbook entries dated and Identified by author?

Yes_ No_ N/A_ 18. Are photographs documented 1n logbooks (e.g., time,
date, description of subject, photographer, etc.)?

Yes_ No_ N/A_ 19. If film from a self-developing camera 1s used, are
photos matched with logbook documentation?

Yes_ No_ N/A_ 20. Are sample tag numbers recorded? If yes, described
where they are recorded.

Yes_ No_ N/A_ 21. Are calibration of pH meters, conductivity meters, etc.,
documented? If yes, describe where this 1s documented.

Yes_ No_ N/A_ 22. Are amendments to the project plan documented? If yes,
describe where the amendments are documented.



FIELD CHECKLIST
Debriefing with Project Manager

Yes_ No_ N/A_ 1. Was a debriefing held with project manager and/or other
participants?

Yes_ No_ N/A_ 2. Were any recommendations made to the project
participants during the debriefing? If yes, 11st
recommendations?
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10.0 Corrective Action

•|0.1 Introduction

Generally, there are two types of corrective actions that may be required when

data quality falls below specified limits. The first type, and the simplest to
Implement and document, 1s corrective action required because routine data

quality assessments are out-of-control. 'Surrogate and spike standard

recoveries, relative percent differences between duplicates, Internal s.andJ'd

response variations, and unacceptable blank contamination are some of these

assessments in the first category. These are all performed on a sanple-by-

sar.ple and/or batch basis, and corrective action 1s limited to evaluating the

data wHh respect to SO5 criteria, and accepting or rejecting' the sample/be"'-..

The decision that 1s made 1s deadly Indicated on analytical worksheets, and

unless a fend 1s observed during the course of data validation, additional

corrective action or documentation 1s not necessary.

Tne second type of corrective action Is that required when other, more global

QC/QA assessT::-.-.-,, are made. The assessments might typically Indicate

systematic deflclences or those affecting data useabHUy for more than one

batch (I.e., glassware contamination checks, standards preparation errors, etc.).

In most cases, assessments of this nature are made by reviewing peripheral QC/QA

documentation, observing procedures for comparison with S0?s or GLPs, or

receiving feedback from data reviewers, management or those external to the

organization {clients, auditors).

Tne following sections describe the QA reporting and feedback channels designed

to ensure that early'and effective corrective action 1s taken 1n such Instances.
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In many cases, depending on the nature of the deficiency and the urge-.cy fo-

remedial action, a Corrective Action Report (following this section) will b?

completed. The report serves to document the deficiency, the required

corrective action, and accountability for the action.

£ For observations, made over longer periods of time, the QA Department Issues
' formal sunn.jry reports to management on a monthly or quarterly basis. Follow'.;-.:

m* 1s a brief discussion of the types of reports Issued to management to assess the
'̂

^ , overall effectiveness of the QA Program and to reinforce the application of Good

t

JJ
W

u
Vy

Lato--a:ory Pract ices' (G' .Ps).
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|,j jd.2 Routine QC Check Reports

• , The following routine quality control checks (also discussed 1n section 9.2 of

*^ the QA Plan) are performed to verify that samples are not contaminated during

| . transportation, preparation, analysis or storage, and that standards prepared
: • Internally are traceable to certified sources.

U-r -- Vendor-Supplied Glassware Checks

§J -- Glasswjre Decontamination Checks
^*

-- U'jter Purification Systems Checks

: -- Glassware Storage Cabinet Checks

II . -- Refrigerated Storage Systems Checks
:; -- Re=g=-.t Purity Checks

1^ — Standees Prepare-, and Traceability Checks

U Tne criteria for these QC checks and corrective action steps are detailed in the
^*
i QA SOP Manual. Results are tabulated and/or plotted on control charts, and

^ records reviewed by the QA stiff. A series of quarterly reports to

' ' surriirize tMs ir.forr.jtion and the status of these progra"s.
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1Q.3 Monthly OA Activity Reports

These reports are produced by all menbers of the QA staff, and simroarlze key QA

• activities during the previous month. The reports are distributed to the

Director of QA, and are provided as in attachment and referenced 1n the

Director's report to the CEO, the Executive Staff and senior laboratory

management.

Included 1n these reports 1s a sureary of significant quality problems observed

during the period, and the corrective actions taken to remove deficiencies. Ths

report stresses proactive measures that are being taken to Improve quality or

ensure compliance with QA progra-r. requirements.

Laboratory manag-er.en; uses the report to quantitatively measure monthly

performance 1n terms of the nu-.ber of samples processed, the frequency of

repeated sa.-ple analyses due to unacceptable QC performance, and the cause of

the unacceptable performance. These data are all presented 1n tables, Pareto

control charts or attribute control charts, based on the characterization of

each analysis 1n the Computerized Laboratory Management System (CLKS) using a

I systes of analytical "condition codes."

• The Condition Code System 1s used to monitor sources of data failures.
:,j Condition code definitions are provided In an SOP to data generators and

| reviewers who are responsible for assigning the appropriate code to each

I analysis {see Appendix D). Each two-letter code 1s used to characterize the

cause of a sample failure or the final status of the data package prior to
I release to the client.
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£* Various computer programs may be used to sort condition code data accordin: to

jj sample matrix and method. This system 1s used to pinpoint sources of error,

[ provide feedback to management, reinforce good laboratory practices and

y document laboratory performance over time. The QA staff also note 1n the

j Monthly QA Activities Report any corrective actions taken or necessary

S> procedural changes, based on the application of condition codes.
i .
^H Other Items Included 1n this report are:

j | " Surma'y of any changes 1n certification/accreditation

M
^

U

l
I
I

I
k

" resolut1ori of <?ual1ty Issues with clients

-- QA organizational changes

" Kail" of the distribution of revised documents cor,-r0-,iej
by the QA Department (i.e., SOPs, QA Plan)

- Training and safety issues, 1f not already cov=-e j in
audit reports during the period " "

-- Performance of subcontractor laboratories (also
coTTunicated 1n separate, detailed subcontractor au ji-
repor; to management) " "

" Positive feedback for acceptable performance o-
Ir.te^labaratory or intralaboratory tests or successful
completion of audits.
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1 KM Laboratory Performance Resorts

This quarterly report preser,ts_a statistical and graphical sumary of the

**• laboratory's performance on batch-associated quality control samples analyzed'

1 over the period.. Included are tables, Shewhart control charts and I-charts (for

Individual data points) for all surrogate and spike standard recoveries.

|_ Additionally, a monthly report to the Director of QA presents control charts and

* tables for all Laboratory Control Sample (Blank Spike) and Blank recoveries.

* The charts and tables are used primarily to'document historical performance,

j update recovery control limits, and monitor long-range trends that might not be
x- apssrent to data reviewers evaluating data on a sample/batch basis.

,
,
,
I
I
I
I
1
I
I
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II in 5 Laboratory Audit ReportsLf .——— _——————- ————

'• Quarterly audit reports are written by a member of the QA staff and distributed

yJ to management, and summarize the results of Internal laboratory Performance

I i Audits, Systems Audits and Security/Access Audits. When'external auditor are

! Involved in Performance or System Audits, a report is written within the next

II. week by the QA staff member coordinating the audit. The report, suar.arizing

• audit results as discussed in the debriefing as well as other observations, is

I* distributed to the CEO and senior lab management. The report includes

1 ' corrective actions required as a result of the audit, and a schedule for

imple.T.c-'.tatior,. A follow-up audit, usually within three weeks of the

distributio-. c- this repjr-, \<, conducted to verify that corrective actions have

been irrplenented.
I
b

Performance Audits are checks made by a QA staff member or other independent

|| auditors to evaluate the quality of the data produced by the analytical syste.r..

r These ejd'ts are performed independent of an 1n addition to routine quality

control checks, and reflect as closely as possible lab performance under nor-.al

L operating conditions.

t These audits involve the review of approximately 10* of all analytical data

reports generated by the lab for calculation and data validation procedures, and

I • overall data quality. Errors observed during the audit are characterized as

. "critical" or "correctable" and tabulated. If necessary, based on audit
• findings, an amended data report may be sent to the customer. Following this

I section 1s a'copy of the QA Audit Surimary used by auditors to tabulate the data
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for suirr.jry Into the Quarterly Performance Audit report. A thorough discussion

of these audits 1s Included 1n the .QA SOPs. The reports are used by laboratory

managers to provide feedback to staff members and establish goals for Improved

H performance.

m A number 1n Interlaboratory and Intralaboratory tests are conducted routinely a;

'' CompuChem1, and the results are Included 1n Individual Performance Audit reports

I specific to each test. When new methods are available to the laboratory or ne»

personnel are being trained, Laboratory Proficiency Tests are performed. These

V^ tests consist of quadruplicate blank spikes, containing t full complement o'

I tests para-eters to be analyzed by the method. The replicate results are

analyzed by a QA stiff merrier, who generates a summary report to the Dire:tor

I of QA. Tr.ls report Includes the standa'd deviation and mean recovery for each

of the replicate parameters, and the data are used to statistically validate

method and/or personnel profIcienry. For a thorough discussion of the method

1 validation procedures used, refer to Appendix A of the QA Plan.

Or, a quarterly basis, blind Intralaboratory check samples are Introduced Into

the system by the QA Department. Para,-=ters and methods are chosen fo' these

studies based upon Independent (Interlaboratory) tests from certifying agencies

(Including the U.S. EPA and various state agencies), Laboratory Proficiency

Test results, Method Validation studies, or results from routine batch-related

QC samples. The existence of these check samples 1n the system Is known only to

those personnel Involved 1n preparing the samples and scheduling the analytical

requirements Into the CLKS. A thorough report, detailing the entire data

generation and support functions, 1s completed by the QA staff and reviewed by
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the Director of QA before distribution to the CEO and senior laboratory

management.

K CcripuChem1 also participates 1n a number of external, Interlaboratory

' • performance studies. These are required as part of various agencies'

|L certification/accreditation programs. -As » member of the USEPA's Contract

2 Laboratory Program (CLP), the laboratory Is required to successfully analyze

* quarterly, blind proficiency samples for both organic and insrcir.': p»rjTrte's.

r The CLP program also requires ai annual on-s1te Inspection by pr1ncipals froT

^~ the US-'A (and their contracted agents). These audits generally fallow the

p sa^e fonr.it described below, Systems Audits.

Che^1 als: p2-rt1fipvtes -in a nimber of state certification proo'ar.s,i
I Including those for North Carolina, New Jersey, New York and Florida. All o*

P these programs require the laboratory to submit to annual on-site Inspections in

I order to maintain certification to perform testing on samples originating in the

state. All states also require successful performance on inte'laboratory checkt
w. samples, submitted at least annually, though some reciprocity with the tw; Kt

• programs (one for drinking water and one for wastewater certification) ar.d

" USEPA-CLP is allowed under certain circumstances.

*. Several states utilize the laboratory's performance on the annual Uater Supply

1 (US) and Water Pollution (WP) prof Idency testing series, orglnating out of the

EPA Environmental Monitoring and Support Laboratory's performance on all

I Interlaboratory and intrslabwatory check samples, tabulated by parameter and

method, so negative performance trends can be readily pinpointed.
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|J . System Audits

j. A Syste- AudU 1s an on-s1ie Inspection and review of the QA Program for the

™ total laboratory. While Performance Audits are a quantitative appraisal, System

1 Audits are for the most part qualitative 1n nature. The System Audit may be

either scheduled or unannounced before 1t 1s conducted, but occurs routinely on
1| at least a quarterly basis. The auditor reviews the laboratories' SOPs to

, verify compliance with procedures and activities actually 1n place. Personnel

and facilities are also evaluated during the Systerr. Audit. The auditor is

' require: to investigate anything which seems 1n conflict with the QA Plan, the

la;-oratory or- QA SO's, o' Good Laboratory Practices.

1
If deficiencies are observed during a Performance Audit, and 1f deemei

| necessa'y, the QA Department initiates a Syste- Audit. The audit emphasizes t^e

actions necessary to correct deficiencies noted 1n the Performance Audit. A

Corrective Action Report is completed, detailing all remedial actions ta'<sn, and

• reviewed by the Director of QA. The report must Indicate the proposed

Implementation date and the Individuals) responsible for the action.

r
K»ny of the object ives of a routine System Audit are similar to those a client

| or Independent auditor would hope to accomplish during an On-Slte Lab:r»tr-y

Evaluation and Data Audit. These goals Include ensuring the following:

1. The quality control, including necessary corrective actions , a^e beino
I applied

2. Adequate facilities and equipment are available to perform the client's
I required scope-of-work

3. The personnel are qualified to perform the assigned tasks

4. Complete documentation 1s available, Including sample cha1n-of-custody
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WARZYN

INTERNAL AUDITS

Internal audits are performed on a quarterly basis. The auditor reviews
each area of the laboratory using the attached check list. The quality
assurance specialists are responsible for auditing and they report to the
director of Technical Services. The auditor prepares a final audit report
summarzing their findings and towards the report to the laboratory
manager. The laboratory manager informs upper management of the
contents of the audit report, and outline plans to address
recommendations or deficiencies.
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LABORATORY CUSTODY AND DOCUMENTATION CHECKLIST

SIGNATURE OF AUDITOR ____________ DATE OF AUDIT
LABORATORY ___________________
LABORATORY LOCATION _________________________
PROJECT IN EFFECT __________________________

1. Name of Sample Custodian and other personnel responsible for sample
receipt and document control.

2. Where are the Sample Custodian's procedures and responsibilities
documented?

3. Where are written Standard Operating Procedures (SOPs) pertaining to
receipt of samples documented (laboratory manual, written instructions,
etc.)?

4. Where is the receipt of Chain-of-Custody Record(s) with samples being
documented?

5. Review sample receipt documentation to assure that the nonreceipt
of Chain-of-Custody record(s) with samples being documented.

6. Where is the integrity of the shipping container(s) being documented
(custody seal(s) intact, container locked or sealed properly, etc.)?



7. Review the sample receipt documentation to assure that the lack of
integrity of the shipping container(s) is being documented (i.e.,
evidence of tampering, custody seals broken or damaged, locks unlocked
or missing, etc.)?

8. Determine by asking the Sample Custodian or reviewing the laboratory SOP
manual, if agreement among forms, Chain-of-Custody records, and sample
tags is being verified? State source of information.

9. Where is the agreement or nonagreement verification (18) being
documented?

10. Review sample receipt documentation to assure that sample tag numbers
are recorded by the Sample Custodian?

11. Where are written Standard Operating Procedures (SOPs) pertaining to
sample storage documented (laboratory manual, written instructions,
etc.)?

12a. Do written SOPs and actual laboratory practices demonstrate laboratory
security?

12b. Describe sample storage area (upright refrigerator in GC lab, walk-in
cooler in sample receiving area, etc.).



13. How is sample Identification maintained?

14. How is sample extract (or inorganics concentrate) identification
maintained?

15. How are samples that require preservation stored to maintain their
preservation?

16. Are written Standard Operating Procedures (SOPs) pertaining to sample
handling and tracking documented?

17. What laboratory records are used to record personnel receiving and
transferring samples in the laboratory?

18. Affirm that each Instrument used for sample analysis (GC, GC/MS, AA,
etc.) has an instrument log? List those instruments which do not.

19. Determine where analytical methods are documented and ask if methods are
available to the analysts?

20. Determine where quality assurance procedures are documented and ask 1f
procedures are available to the analysts?



21. How are written Standard Operating Procedures (SOPs) for compiling and
maintaining sample document files documented?

22. How are sample documents filed (by project number, internal laboratory
number, batch number, sample number, etc.)?

23. Review sample document files to determine if a document file Inventory
is prepared for each project file.

24. Review sample document files to determine if all documents in the case
files are consecutively numbered according to the file inventories.

25. Observe the document file storage area to determine if the laboratory
document files are stored in a secure area.

26. Has the laboratory received any confidential documents?

Complete questions 27, 28 and 29 ONLY if the response to question 26 was yes.

27. Review the project files to assure that confidential documents are
segregated from other laboratory documents.

28. Review the project files to assure that confidential documents are
stored in a secure manner.



29. Review recommendations from the previous audit to determine if the
recommendations have been implemented. If not, the recommendations
should be repeated and the laboratory director and the Project Officer
should be notified.



PROJECT DOCUMENT AUDIT CHECKLIST

PROJECT NO. __________________ DATE OF AUDIT ____
PROJECT LOCATION _______________ SIGNATURE OF AUDITOR
FILE LOCATION _________________

Yes_ No_ 1. Have individual files been assembled (field
investigation, laboratory, other)?
Comments:

Yes_ No_ 2. Is each file Inventoried?
Comments:__________

Yes_ No_ 3. Is there a list of accountable documents?
Comments:_____________________

Yes_ No_ 4. Are all accountable documents present or accounted for?
Comments:_____________________•_________

Yes_ No_ 5. Is a document numbering system used?
Comments:_________________



Yes_ No_ 6. Has each document been assigned a document control
number?
Comments:.

Yes_ No_ 7. Are all documents listed on the inventory accounted for?
Comments:____________________________

Yes_ No_ 8. Are there any documents 1n the file which are not on the
inventory?
Comments:

Yes_ No_ 9. Is the file stored in a secure area?
Comments:__________________

Yes_ No_ 10. Are there any project documents which have been declared
confidential?

Comments:

Yes_ No_ 11. Are confidential documents stored in a secure area
separate from other project documents?
Comments:_________________________



Yes_ No_ 12. Is access to confidential files restricted?
Comments:_____________________

Yes No 13. Have confidential documents been marked or stamped
"Confidential"?
Comments:.

Yes_ No_ 14. Is confidential information inventoried?
Comments:___________________

Yes_ No_ 15. Is confidential information numbered for document
control?
Comments:.

Yes_ No_ 16. Have any documents been claimed confidential under TSCA?
Comments:____________________________



LABORATORY CHECKLIST

Yes_ No_ 1. Is there a laboratory procedures manual?
Comments:___________________

Yes_ No_ 2. Is there a laboratory quality control procedure?
Comments:__________________________

Yes No 3. Is there a person who reviews that QC and QA In the lab
~~ ~ (I.e., QC Officer}?

Comments:

Yes_ No_ 4. Is there a procedure for the development and review of
laboratory procedures?
Comments:

Yes_ No_ 5. Are procedures updated/reviewed at a set interval?

Comments:__________________________

Yes_ No_ 6. Is the procedure status log current?
Comments:_________________

Yes_ No_ 7. Is there documentation that each analyst has read and
understood each procedure that is applicable to their
job requirements?
Comments:_____________________________

Yes_ No_ 8. Is there a documentation system that records the
analyst's proficiency in the manipulation of laboratory
equipment and techniques required in analyses, and that
he is knowledgeable and skilled in performing the
analyses for which he is responsible?
Comments:____________________________



Yes_ No_ What is the system?
Comments:______

Yes_ No_ 9. Is there a written training procedure for new analysts?
Comments:____________________________

Yes_ No_ 10. Does the laboratory have QC charts for each parameter
for each type of control sample?
a. Duplicate
b. Split
c. Spiked
d. Preservative blanks
Comments:.

Yes_ No_ 11. Are the QC chart limits + 2SD for warning limits; x ±
3SD for control limits?
Comments:

Yes_ No_ 12. Are replicate analyses (7) run annually for all
parameters?
a. Precision
b. Accuracy
Comments:

Yes_ No_ 13. Are charts current?
Comments:_______



Yes_ No_ 14. The percent of laboratory resources devoted to QC and QA
is:
a. 0 - 5 %
b. 5 - 10%
c. 10 - 20%
d. >20»
Comments:____________________________

Yes_ No_ 15. Does the laboratory participate in any "round robin"
split and/or performance sample programs? -
Note: List and indicate results.
Comments:

Yes_ No_ 16. Are externally prepared performance standards obtained
from the EPA analyzed yearly for each parameter?
List.
Comments:

Yes_ No_ 17A. Is there a written procedure for cleaning sampling
equipment and containers?
Comments:____________________________

Yes_ No_ 17B. Does this procedure include the collection of blank
samples from collection equipment to assure/document
that equipment will not contaminate samples?
Comments:______________;_______________

Yes_ No_ 17C. Are blank samples collected routinely from cleaned
sample containers to assure/document efficiency of
cleaning?
Comments:_________________________



Yes_ No_ 18. Is there a procedure for data reporting?
Comments:___________________

Yes_ No_ 19. Do the final data reports indicate if there were
variations in the parameter-specific holding times?
Comments:

Yes_ No_ 20. Is there a written procedure for:
a. Significant figures?
b. Rounding off?
c. Calculation rounding?
Comments:.

Yes No 2}. Are data and laboratory records kept for a specified
~ length of time (i.e., NPDES: 3 years)?

Comments:____________________;______

Yes_ No_ 22. Are log books:
a. bound?
b. pages numbered?
c. dated and signed?
d. reviewed?
Comments:.

Yes_ No_ 23. Are laboratory notebooks:

a. properly stored?
b. properly labelled?
c. complete/accurate?

Comments:__________



Yes_ Np_ 24. Are the field data logbooks complete and current?

Comments:___________________________

Yes_ No_ 25. Are the receiving logbooks complete and current?
Comments:__________________________

Yes_ No_ 26. Are calibration reagents of unimpeachable purity and
product quality as required by each analysis?
Sources List (NBS)
a. weights
b. certified thermometers
c. filter, etc.
Comments:

Yes_ No_ 27. Is there a procedure to assure that reagents and
chemicals Reagent blanks, method blanks checked 100%
against specification quality?
Comments:

Yes_ No_ 28. Are NBS standard reference N/A to most environmental
analyses materials used as a routine part of calibration
and QC program?
Comments:.

Yes_ No_ 29. Are chemicals properly stored to assure quality?
Comments:________________________

Yes_ No_ 30. Are there written requirements for all analytical
instruments for:
a. daily warmup?
b. standardization?
c. calibration?
d. optimization procedures
e. maintenance?
f. documentation (logs)?
g. replacement, cleaning, checks, adjustment by

laboratory staff and/or service personnel?



Yes_ No_ 31A. Is there a written calibration procedure for all
measuring and test equipment?

B. Does this procedure specify use criteria?

C. Are calibration standard, reagents, and accessory
equipment listed?

0. Does the procedure specify the documentation used in
maintenance logbook?

Comments:.

Yes_ No_ 32. Are all instruments tagged with date of last calibration,
calibrator, and due date for next calibration?

Comments:______________________________
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12. PERFORMANCE AND SYSTEM AUDITS

Enseco laboratories participate in a variety of federal and state
certification programs, (including the U.S. EPA CLP), that subject each
of the laboratories to stringent system and performance audits on a
regular basis. A system audit is a review of laboratory operations
conducted to verify that the laboratory has the necessary facilities,
equipment, staff and procedures in place to generate acceptable data. A
performance audit verifies the ability of the laboratory to correctly
identify and quantitate compounds In blind check samples submitted by the
auditing agency. The purpose of these audits is to Identify those
laboratories that are capable of generating scientifically sound data.
Enseco Is certified to perform Environmental analyses under programs
administered by the U.S. EPA, U.S. Army, U.S. Navy, and over 15 states.
The most current list of Enseco certifications is available upon request.

In addition to external audits conducted by certifying agencies or
clients, Enseco regularly conducts the following internal audits:

• Quarterly systems audits conducted by the Divisional QA Director.

• Periodic (at least yearly) audits conducted by the Corporate QA
Office.

• Special audits by the Divisional QA Director or Corporate QA Office
when a problem is suspected.

Enseco laboratories also routinely analyze check samples as described
below:

• Laboratory Control Samples (DCS, SCS, and method blanks) are
analyzed at a frequency equal to at least 101 of the total number of
samples analyzed (see Section 11).

• All Enseco laboratories participate in the analyses of EPA check
samples provided under the Water Supply (WS) and Water Pollution
(WP) Performance Evaluation Studies. The results of these PE
samples are tabulated by the Corporate QA Office to Identify
performance trends within the Enseco laboratories.
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The majority of the Enseco laboratories are CLP labs and thus
analyze organic and/or inorganic CLP PE samples on a quarterly
basis. The results of these analyses are also tabulated and
evaluated by the Corporate QA Office.

• The laboratories participate in multiple state certification
programs (including New York, New Jersey and California) which
require that PE samples be analyzed periodically.

• Blind check samples from an independent commercial firm are sent to
the laboratories periodically by the Corporate QA Office. The
frequency and type of samples sent is based on problem areas
identified by evaluation of tabulated PE results.

The results of these check samples are used to identify areas where
additional training is needed or clarification of procedures is required.
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15. CORRECTIVE ACTION

When errors, def ic ienc ies, or out-of-control situations exist, the QA
program provides systematic procedures, cal led "corrective act ions," to
resolve problems and restore proper functioning to the analytical system.

Laboratory personnel are alerted that corrective actions may be necessary
if:

• QC data are outside the acceptable windows for precision and
accuracy;

• Blanks, DCS or SCS contain contaminants above acceptable levels;

• Undesirable trends are detected in spike recoveries or RPD between
duplicates;

There are unusual changes 1n detection limits;

• Deficiencies are detected by the QA department during Internal or
external audits or from the results of performance evaluation
samples; or

• Inquiries concerning data quality are received from clients.

Corrective action procedures are often handled at the bench level by the
analyst, who reviews the preparation or extraction procedure for possible
errors, checks the instrument calibration, spike and calibration mixes,
Instrument sensitivity, and so on. If the problem persists or cannot be
Identified, the matter 1s referred to the laboratory supervisor, manager
and/or QA department for further investigation. Once resolved, full
documentation of the corrective action procedure 1s filed with the QA
department. Corrective action documentation Is routinely reviewed by the
VP of QA.
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14.0 QUALITY ASSURANCE/QUALITY CONTROL AUDITS

Audits of the RMT Laboratory are conducted for several reasons:

To identify potential or actual deficiencies so that the
problems may be corrected.

To assure that RMT procedures and methods are being followed.

To determine that records are properly filled out and filed.

. To assure that regulatory requirements are met.

To establish that quality assurance objectives are met.

Audits are not conducted to assign blame*

14.1 LABORATORY AUDITS

Monthly, the QC Coordinator, shall conduct an in-depth audit of the

RMT Laboratory. This audit shall include the following items:

Sample maintenance

Are stated temperatures for sample storage provided?

Are samples processed and tested within prescribed
holding times?

Are samples properly logged in?

Calibration

- Are calibrations performed ns required?

Are they properly documented in instrument log books, or
as part of project data if required?

Do calibration results indicate a trend in instrument
performance?

. Preventive maintenance

Are adequate spare parts available?

- Do specific instruments have repeated maintenance
problems?

- Is preventive maintenance performed and properly
documented?

20.96:RTE:QAroanual2
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Receipt and storage of standards, chemicals, and gases

- Are all reagents, chemicals, and gases purchased for use
in the laboratory of adequate grade for the intended
use?

- Are certifications of material compositions provided
when required?

Are materials adequately stored to prevent degradation?

Are materials kept beyond stated shelf life?

Are internal standards properly prepared and stored?

Are internal standards kept beyond stated shelf life?

Analytical Methods

- Are the methods used appropriate for project
requirements?

Are alternate methods approved for use?

Data Verification

- Are data processed and validated as prescribed?

Records Management

- Are the records of analyses complete and properly
identified?

- Are documents submitted to the record system in a timely
manner and are they properly maintained?

The following areas shall be audited:

Sample Entry
Inorganic Laboratory

. Organic Laboratory
Report Production

The laboratory audit shall consist of a general audit and a

specific method/procedure audit.

A general audit shall be an overview of the whole laboratory
from sample receipt to sample disposal for compliance with the
Quality Assurance Manual (Figure 14-1).

A specific method/procedure audit shall be a detailed in-depth
review of an actual method or procedure. This may Include

20.96:RTE:QAmamial2
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sample receipt (Figure 14-2), standard/reagent/solutlon
preparation (Figure 14-3), sample preparation/extraction
(Figure 14-4), sample analysis (Figure 14-5) or data
verification (Figure 14-6).

After the general and/or specific audits have been conducted, the

Quality Assurance Coordinator shall complete the Laboratory Audit Record

form (Figure 14-7). Any problems, observations, and findings which are

identified by the Quality Assurance Coordinator shall be discussed with

the Group Supervisors.

A written report (Figure 14-8) summarizing the findings of the

audit shall be sent to the Group Supervisors who shall be responsible

for corrective action. The Group Supervisor, or the employee designated

to respond to the report, shall sign and date the report.

The original copy of the audit report form with responses shall'be

routed to the Laboratory Director for review and comments. The

Laboratory Director shall sign and date all audit response forms to

document that they have been "reviewed. The audit reports forms shall be

sent to the Quality Assurance Coordinator for filing.

Deficiencies reported as a result of participation In round-robin

studies or outside audits shall be handled in the same manner.

20.')6:RTF.:QAmanual2
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DATA VALIDATION PROCEDURE FOR
EVALUATING INORGANIC DATA

Scope and Application:

This standard operating procedure (SOP) describes Warzyn's procedure for
evaluating Inorganic data according to procedures specified 1n a Quality
Assurance Project Plan (QAPP). Each analytical procedure 1s specific to a
project and 1s found or referenced In the QAPP. The reviewer must
evaluate whether the procedure was adhered to and that the required
Quality Control (QC) requirements were met as described 1n the QAPP and
evaluate the usability of the data.

References:

1. Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses. Hazardous Site Evaluation Division, U.S. ERA,
July, 1988 (or most current).

2. Statement of Work for Inorganics Analysis. U.S. ERA Contract
Laboratory Program, SOW No. 788, July, 1988 (or most current).

3. Quality Assurance Project Plan (QAPP) containing the analytical
procedures required for evaluation. Each QAPP 1s specific to a
project.

Requirements:

1. It 1s recommended that the reviewer be familiar with the RAS
Inorganics validation process (refer to the Validation Guidelines and
Statement of Work above) prior to evaluating this data. The
evaluation and action criteria described 1n this SOP are very similar
to the RAS Inorganics validation process.

2. All completed validated data packages must Include the following:

a. Data Validation Narrative
b. Validated Results; with data qualifiers added and pages stamped
"VALIDATED".

NOTE: It 1s not necessary to Include the raw data with the completed
validated data package, since a copy of the raw data package already exists 1n
the project file. Only Include raw data If there are major concerns or
deficiencies with the data set.
Procedure:

Screen the data package to see that the samples and analytes
undergoing evaluation concur with what was requested on the "Request
for Data Validation" form (refer to Figure 1). If discrepancies
occur, contact the data management coordinator for clarification prior
to continuing.



2. Review the QAPP and the specific analytical procedure for the analyte
undergoing evaluation. They will contain:

a. A summary of the method required and method reference,
b. The applicable matrices and recommended hold times,
c. An approximate number of samples and matrix,
d. Special technical Instructions,
e. Required dellverables,
f. Data Requirements (Detection Limits, Precision, etc.), and
g. Quality Control Requirements.

3. The reviewer must evaluate the data according to the quality control
criteria specified 1n the QAPP. The evaluation of each analyte, 1n
most cases, will Include a review of the following criteria:

a. Methodology,
b. Raw Data/Quality Control Dellverables,
c. Detection Limits,
d. Holding Times,
e. Calibration (Initial and Continuing),
f. Blanks (Calibration and Preparation),
g. Laboratory Control Samples (EPA Reference Samples),
h. Laboratory Duplicates,
1. Matrix Spikes,
j. Sample Result Verification,
k. Field Duplicates,
1. Other (as specified 1n the procedure),
m. Overall Assessment for a Case.

4. Evaluate the data for the criteria above as follows:

A. METHODOLOGY

Evaluation
1. Examine the data to determine If the acceptable analytical

methodology was used as Indicated 1n the QAPP.

2. Determine 1f the analytical procedure was followed.

Action
1. If an acceptable analytical method was not used, contact the

Project Manager. It Is the Project Manager's responsibility to
Inform the reviewer to continue the validation process of the data
as received, or to reject the data. In some cases reanalysls or



resampling may be required, however the decision 1s left up to the
Project Manager. The Project Manager may require that the
reviewer determine the "usability" of the data package as
submitted prior to deciding what formal action should be taken.

2. If the analytical procedure was not followed as stated, use
professional judgement 1n determining whether the data should be
qualified as estimated or unusable.

B. RAW DATA/QUALITY CONTROL DELIVERABLES

Evaluation
1. The QAPP will specify what Information should be submitted as part

of the data package. Determine whether the data package submitted
1s complete as described 1n the QAPP. Usually the following will
be required:
- Method used,
- Calibration/standardization Information,
- Bench records tabulating the order of analysis of samples,
standards, blanks, duplicates and spikes with the resulting
Instrument readouts and final concentrations. Records submitted
should be complete enough such that all results could be
recalculated from this raw data.
- Photocopy of all instrument readouts (strip charts, printer
tapes, etc.)
- Reference (QC) samples to be Identified by source, lot number
and sample number, with corresponding true values and 95*
confidence limits provided.
- Custody records

Action
1. If the data package 1s not complete, contact the data management

coordinator. The data management coordinator will contact the
appropriate laboratory or project manager and obtain the
Information necessary to complete the evaluation process.

C. DETECTION LIMITS

Evaluation
1. Evaluate whether the detection limits required in the QAPP were

achieved by the method used.

Action
1. If detection limits were not reported at least to what was

required in the QAPP, review the raw data to determine if the
detection limits were achievable. If they were, recalculate the
data and report results to the required detection limits.

2. If detection limits were not achievable by the laboratory,
determine why (laboratory sensitivity problem or detection limits
unobtainable for the method used. Inform the project manager of



the situation. The project manager will determine whether the
evaluation should be completed.

D. HOLDING TIMES

Evaluation
1. Determine whether the established holding times were met. The

holding time 1s established by comparing the DATE SAMPLED with the
DATE OF ANALYSIS found on the raw data. Required hold times
should be noted 1n the QAPP.

2. Examine the digestion/distillation logs to determine 1f samples
were preserved at the proper pH.

Action
1. If hold times were not noted 1n the QAPP, use the EPA-recommended

hold times and apply these hold times to both water and soil
samples.

2. If holding times and preservation criteria are not met, qualify
all results > Instrument Detection Limit (IDL) and estimated (J)
and results < IDL as estimated (UO).

3. Use professional judgement 1n cases where the holding time 1s
grossly exceeded. The expected bias would be low and the reviewer
may determine that results < IDL are unusable (R).

E. CALIBRATION

Evaluation
1. Verify that the Instrument was calibrated dally and each time the

Instrument was set up using the correct number of standards and
blank. In cases where a curve set-up 1s not applicable (I.e. a
titrlmetric procedure), verify that the tltrants were standardized
as required In the procedure.

2. Verify that the correlation coefficient 1s i 0.995 (unless
otherwise specified).

3. Verify that the calibration verification standards (ICV/CCV) were
run at the appropriate frequency and that results were within
acceptable limits as stated in the QAPP.

4. Recalculate approximately 10% of the ICV/CCV using the following
equation:

%R = Found x 100
True

Due to possible roundlng discrepancies, allow results to fall
within IX of the contract windows.

Action



1. If the minimum number of standards as required 1n the QAPP were
not used for Initial calibration, or 1f the Instrument was not
calibrated dally and each time the Instrument was set up, qualify
the data as unusable (R).

2. If the correlation coefficient is < 0.995 (or as specified In the
QAPP), qualify results > IDL as estimated (J) and results > IDL as
estimated (UJ).

3. If standardization of titrants was required and not performed, use
professional judgement 1n qualifying the data. The reviewer
should review ICV/CCV, ERA reference sample results and other
criteria prior to determining if the data should be qualified as
estimated (J 1f > IDL; UJ if < IDL) or unusable (R).

4. If the ICV/CCV XR falls outside the acceptable limits, use
professional judgement to qualify associated samples. If possible,
Indicate the bias 1n the review. The following guidelines may
assist the reviewer 1n qualifying the data:

- If the ICV/CCV XR 1s significantly greater than the upper
control limit (UCL), qualify associated results > IDL as unusable
(R); results < IDL are acceptable.

- If the ICV/CCV XR 1s significantly lower than the lower control
limit (LCL), qualify all associated data as unuseable (R)

- If the ICV/CCV XR are outside the acceptable limits, yet
relatively close to the limits, qualify associated results as
e- nated (J 1f > IDL; UJ 1f < IDL and the XR 1s below the LCL).

F. BLANKS

Evaluation
1. Review the raw data for all blanks and verify the results were

accurately reported.

2. No contaminants should be found 1n the blanks (I.e. all blank
results should be < IDL).

3. Positive blank results must not be corrected by subtracting off
the blank value from the sample results.

Action
1. Sample results ^ IDL but less than 5 times the maximum

concentration found 1n any blank should be qualified as not
detected (U).

2. Any blank with a negative result whose absolute value 1s > IDL
must be carefully evaluated to determine If the sample data is
biased 1n any way.



G. LABORATORY CONTROL SAMPLES (EPA REFERENCE SAMPLES)

Evaluation
1. The laboratory control sample (LCS) serves as a monitor of the

overall performance of the analysis Including all preparation
steps. Review the LCS and verify that the results fall within the
control limits required. (If no limits noted, use 80-120% for the
control limits.)

2. Check the raw data to verify the reported recoveries. Recalculate
one or more recoveries (%R) using the following equation:

LCS XR = LCS Found x 100
LCS True

Action
1. If results are < IDL and the LCS recovery 1s above the UCL, the

data are acceptable.

2. If the LCS recovery for any analyte falls within the range of
50-LCL, or > UCL, qualify results > IDL as estimated (J).

3. If results are < IDL and the LCS recovery falls within the range
of 50-LCL, qualify the affected results as estimated (UJ).

4. If the LCS recovery results are < 50%, qualify the data for the
affected analytes as unusable (R).

5. If a LCS was required and not run, use professional judgement to
determine whether the data is estimated (J) or unusable (R).

H. LABORATORY DUPLICATES

Evaluation
1. Review the duplicate data and verify that the results fall within

the criteria required. If no criteria exist, use the limits of
20X for the Relative Percent Difference (RPD) or + IOL 1f results
are < 5x IDL (35 RPD or + 2x IDL 1f > 5x IDL for soils).

2. Review the data and verify that the duplicate analysis was not
performed on a field blank.

3. Check the raw data and recalculate one or more RPD using the
following:



RPD = IS-Dl x 100
(S+D)/2

where, S - Original sample value
D * Duplicate sample value.

Action
1. If duplicate analysis results for a particular analyte fall

outside the appropriate control windows, qualify the results for
that analyte 1n all associated samples of the same sample matrix
as estimated (J).

2. If the field blank was used for duplicate analysis, carefully
evaluate all other quality control data and use professional
judgement In evaluating the data.

I. MATRIX SPIKES

Evaluation
1. Review the matrix spike data and verify that the results fall

within the limits specified. If no criteria exists, use the
limits of 75-1253! for both water and soil matrices.

2. Check the raw data and recalculate the X Recovery of at least 103!
of the data. Use the following equation to verify that the
results were calculated correctly:

%R = (SSR - SR) x 100
SA

Where, SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

3. Review the data and verify that the field blank was not used for
the spike analysis.

Action
1. If the spike recovery Is > 125X (or > UCL stated In the procedure)

and the sample results are < IDL, the data is acceptable for use.

2. If the spike recovery Is > 1253! or < 753! (> UCL or < LCL stated in
the procedure) and the sample results are > IDL, qualify the data
for these samples as estimated (J).

3. If the spike recovery falls within the range of 30-743! (30-LCL)
and the sample results are < IDL, qualify the data for these
samples as estimated (UJ).

4. If any spike recovery results are < 30% and the sample results are
< IDL, qualify the data for these samples as unusable (R).



5. In cases where more than one spike analysis was performed and one
or more %K results were outside acceptable ranges, use
professional Judgement when qualifying the data. Matrix spikes
should be performed on each sample matrix. Qualify data of
similar matrix as the spiked sample 1f different matrices 1n the
data package.

6. If the field blank was used for the spike analysis, carefully
evaluate all other quality control criteria and use professional
judgement 1n evaluating the data.

J. SAMPLE RESULT VERIFICATION

Evaluation
1. Examine the raw data to verify the analyte quantitatlon was

calculated as stated in the procedure. Re-calculate a minimum of
10% of the sample results to verify results were calculated
correctly.

2. Examine the raw data for anomalies such as baseline drift,
negative absorbances (Indicative of Interfences), omissions, etc.

3. Verify there are no transcription or reduction errors (dilutions,
percent solids, sample weights) on at least 10% of the samples.

4. Verify that all results fall within the calibrated range.

Action
1. If any discrepancies are found and can be corrected, make the

corrections and note. Increase the level of quality control If
necessary. If the discrepancy cannot be resolved by the reviewer,
contact the data management coordinator. The laboratory or
appropriate agency will be contacted and the information necessary
to complete the evaluation will be requested. The project manager
should be Informed of the delay in the validation process. If any
discrepancy remains unresolved, use professional judgement In
qualifying the data.

K. FIELD DUPLICATES

Evaluation
1. Field duplicate samples measure field and lab precision and

therefore the results may have more variability than lab
duplicates. Review the field duplicate data and calculate the
RPD. No criteria exists for evaluating the data.

Action
1. If the RPD is > 50%, note In the narrative. Use professional

judgement in qualifying any data. Review the raw data to verify
that no reduction errors exist. This Is to verify that the
discrepancy Is due to sampling techniques (sampling, preservation,



filtering, etc.) rather than laboratory error. Hake notation of
the discrepancy 1n the narrative.

L. OTHER (as specified In the procedure)

Evaluation
1. Review the procedure for any other quality control criteria not

covered under the above sections. Examples of additional
Information required may be: ICP Interference check samples,
special AA quality control checks, distilled/digested blanks and
standards, standardization, specific methodology requests for
different concentration levels, etc..

Action
1. If specific quality control criteria were required and not

followed, the project manager should be Informed.

2. If the data was outside the acceptable ranges, use professional
judgement in qualifying the data. Clearly Identify your action
and justification of the action in the narrative.

H. OVERALL ASSESSMENT FOR A CASE

1. It is appropriate for the reviewer to make professional Judgements
and express concerns and comments on the validity of the overall
data package. This 1s particularly appropriate when several QC
criteria are outside specifications. It 1s the reviewers
responsibility to thoroughly document and explain all data
validation qualifiers added to the data.

2. The following 1s a summary of data validation qualifier
definitions which can be used 1n evaluating the data:

U The material was analyzed for, but was not detected above the
level of the associated value. The associated value Is either
the sample quantltatlon limit or the sample detection limit.

J The associated value 1s an estimated quantity due to quality
control criteria not being met.

R The data are unusable. The analyte may or may not be present.

UJ The material was analyzed for, but was not detected. The
associated value 1s an estimate and may be Inaccurate or
Imprecise.

5. Once the data has been evaluated against all of the points described In
part 4, the evaluator can prepare the data validation narrative.

The data validation narrative should be a summary of the data quality
Indicating any problems or deficiencies found with the data set. If



possible, on data qualified as estimated, note 1f the data 1s biased
high or low. It 1s easiest to discuss each analyte separately. Refer
to Figure 2 for the form to be used when writing the data validation
narrative.

6. Record any data validation qualifiers (DVQ) to the left of the results
on the analytical report. The laboratory qualifiers (LQ) will usually
recorded to the right of the result by the laboratory who performed the
analytical work. A copy of the lab qualifier definitions should be
supplied with the data. Data entry people need to be able to
distinguish between DVQ and LQ, so note location of qualifiers 1f
located other than above.

7. Record the sample ID and date sampled as noted on the Chain of Custody
oh the analytical report.

8. Hlllght POSITIVE-HIT data with a hlllghter.

9. Stamp all of the analytical reports "VALIDATED". A "VALIDATED" stamp
can be obtained from the data management coordinator.

10. Sign and date the Data Validation Request Form.

11. A quality control review needs to be performed on the validated data
package. The entire validated data package (Including raw data,
evaluator's notes and narrative) should be submitted to the QC reviewer
for a final review.

Quality Control Review:

1. The purpose of this quality control review 1s to verify that the data
were validated according to the guidelines above, that all data
validation qualifiers were added and also that the narrative 1s
complete.

2. Review the validated data package for completeness. The data package
should contain the following:

- Data Validation Request Form
- Inorganic Data Validation Narrative
- Validated Analytical Results

3. Verify that results exist for all samples and all analytes requested 1n
the data package.

4. Review the data validation narrative with the validated results for
consistency, I.e., 1f the narrative stated that a particular analyte
was qualified, verify that the qualifier has been recorded with the
associated data. Check approximately 10% of the qualifiers. If
discrepancies are found, Increase the level of QC checks.



5. Review the narrative; check that the data has been evaluated according
to the quality control criteria specified 1n the QAPP.

6. Verify that all positive-hit data have been hlUghted and that the
sample descriptions and sampling dates have been recorded on every
result page.

7. Verify that the reviewer has signed and dated the validated data
package.

8. If no discrepancies exist, sign and date the Data Validation Request
Form. If the data package requires clarification, review the raw data
and/or obtain clarification from the reviewer.

9. Deliver the final validated data package to the Data Management
Coordinator when the quality control review is completed.

10. Recycle any raw data. Raw data 1s not submitted with the final
validated data package.
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APPENDIX L

HARZYN'S DAILY INSTRUMENT QC CHECK PROCEDURE



INORGANIC - DAILY QUALITY CONTROL PROCEDURE

Scope and Application: Daily check of dessicants, instruments, refrigerators
and freezer, deionized and Milli-Q water systems to
ensure data produced each day is of top quality.

Dessicant: Ori-Rite, an anhydrous compound, is kept in the bottom of each
dessicator. When Dri-Rite is blue, it is ready to use, but when a
pink shade begins to form, it must be dried in an oven set at 103-
105'C until no pink color can be detected. Record date dried in
comments section. Record initials and date of daily check in the
log book.

Refrigerators and Freezer: Temperature of each of the refrigerators are to be
recorded in the equipment record book daily.

Instrument

Walk-in cooler #1
Walk-in cooler #5
Silver Raetone #2
Gold General Electric #3
White Frigidaire U
BOO Incubator

Acceptable Range

4.0'C ± 2.5'C
4.0'C ± 2.5'C
4.0'C ± 2.5'C
4.0'C ± 2.5'C
4.0'C ± 2.5'C
20.0'c -f 1.0'C

Notes:

1.

2.

Each of the refrigerators, freezers and incubators should routinely
be defrosted when ice build-up occurs.

If fluctuations in temperature do occur, report the occurance to the
lab superivisor immediately. Note in maintenance records.

Instruments: In-lab balances, pH meter, and conductivity meter are to be
checked daily against known standards. An Instrument Operating
Procedure (IOP) is located in each of the instruments
representative log book.

Balance: The Sartorius and Cahn balances are calibrated with standard
weights kept in a dessicator. The weights are to be handled
with plastic forceps. Each weight is to be recorded in its
representative place in the log book. Acceptable ranges are
listed in each IOP.
The pH meters are calibrated with fresh buffers daily according
to the pH SOP. Record the reading of the pH 10.00 buffer in the
log book also. The acceptable range for the pH 10.00 buffer is
9.90 - 10.10.

[INORGSOP]
DQCl-1



Note: The inner electrode solution should be checked periodically to
ensure accurate readings.

Conductivity Meter: The Lab-Line or the YSI conductivity meter is checked
daily against a KCL standard of known concentration.
Check the meter according to the IOP located in the log
book. The acceptable range is 90-110% of the true value.

Deionized and M i l l i - 0 Water Systems:

0.1.: The D.I. system functions with ion-exchange cartridges located
in the sample storage room. Two warning lights are attached to
the tanks to ensure they are operating properly. Each day,
these lights must be checked. If one or both are out, the
supplier must be notified to replace the tanks. Record tank
change dates in the log book.

Note: If both lights are out, D.I. water cannot be used
until tanks are replaced.

Milli-Q: The Milli-Q water should be checked with a conductivity meter.
Conductivity should be no greater than 1 umhos/cm @25'C. The
Hilli-Q system calibration must also be checked daily. This is
done by turning on system and letting pressure build, then
depress test button. Reading should be at least 10 megohms/cm.
Record in log book. (16 megohms/cm maximum load).

Revision Date

8-18-87
Michael 0. Linskens
Director, Technical Services

Kirn D. Finner
Laboratory Manager
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